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ABSTRACT. Igneous rocks from the Undercliffe Falls-Liston-Maryland area of northern New 
South Wales vary from metadolerites to granites. The main plutonic rock is the Undercliffe Falls 
porphyritic adamellite and this intrudes Permian "Boorook" strata which, away from contacts, 
are little-altered sediments and volcanics. The porphyritic adamellite is intruded by the Stanthorpe 
adamellite which is displaced by the more acidic Ruby Creek granite. These masses are described 
by means of new chemical, mineralogical and petrographic data, resulting in the division of the 
Undercliffe Falls and Stanthorpe masses into a number of varieties. 
Much of the Undercliffe Falls mass (the normal type) is a porphyritic rock with basic 
xenoliths which have a preferred orientation developed by a primary platy flow imposed when 
the intrusion was magmatically emplaced. Contacts are discordant in detail. Large pink K­
feldspars, some of which are mantled by plagioclase, are found in the normal type, in its contained 
xenoliths and in metadolerite country rock. Other varieties of the Undercliffe Falls mass include 
an even-grained marginal type and a relatively basic phase with white K-feldspar phenocrysts. 
The younger intrusions are even-grained rocks which were probably emplaced as magmas. 
Compositionally the Ruby Creek granite falls in the low melting portion of the NaAISi308-
KAISi.�Os-Si02-H20-(CaAI2Si208) system. 
The Undercliffe Falls porphyritic adamellite probably formed by chemical hybridization 
involving gabbroic rock (similar to the wall-rock metadolerite found in the area) and acidic 
magma. Calculations indicate that the Stanthorpe adamellite is a suitable acid parent and it, 
together with the Ruby Creek mass, may have been derived by crustal melting. 
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INTRODUCTION 
The New England Batholith underlies some 23,000 km2 of north-eastern New 
South Wales and south-eastern Queensland. It consists of granites, their associated 
dykes and minor mafic rocks. A richness in economic minerals (especially tin) 
brought parts of the batholith to the attention of Andrews ( 1901, 1902, 1903, 1904, 
1905, 1908), Andrews et a/. (1907), and Saint-Smith (1911, 1914). Later papers 
include those by Voisey (1939, 1958), Vernon (1961), Phillips (1964), Wilkinson, 
Vernon & Shaw (1964), Binns (1965 a, b, 1966), Wilkinson eta/. (1968) and Shaw 
(1968). 
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FIG. I.-Locality map showing the position of the area studied. The state border between Queensland 
and New South Wales is the Great Dividing Range which divides easterly flowing rivers from westerly 
and northerly flowing streams. 
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The present paper records the results of a petrographic, mineralogic and 
chemical survey of the main plutonic rocks (the Undercliffe Falls porphyritic 
adamellite, the Stanthorpe adamellite, and the Ruby Creek granite) from the 
Undercliffe Falls-Liston-Maryland area within the batholith (Figs 1, 2). 
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GENERAL GEOLOGY, FIELD CHARACTERS AND STRUCTURE 
Physiography 
Details of the physiography of the New England Tableland are given by 
Andrews (1904) and Saint-Smith (1914). In the area discussed here the topography 
is one of gently rolling hills except for the north-south dissection by Bookookoorara 
Creek along the Demon Fault. Creeks drain to the east-flowing rivers of northern 
New England, the state border being the divide between two drainage patterns 
(Fig. 1 ). The topography provides little information about the distribution of rock 
types. Exceptions include the ridges formed by the volcanic country rock located 
2.5 km south-east of Bakers Hill, the fiat, jointed exposures of the Ruby Creek 
granite, and the small gorges developed in the Stanthorpe adamellite at its contact 
with the Undercliffe Falls mass. 
The country rocks 
In a predominantly granitic terrain the country rocks stand as remnants among 
the intrusions. Two distinct wall-rock outcrops occur in the area, one to the north­
west, the other to the east; to these are added a group of smaller basic relics isolated 
within the granites. The sediments and volcanics of the country rocks form part of 
the "Boorook Group" (previously the Drake Series) of Permian age (Voisey, 1939, 
1958). The country rocks were examined to establish the tectonic position, and the 
virtual lack of regional metamorphic effects on the sediments suggests a high-level 
setting for the granites. 
Three divisions of country rock were distinguished in the north-west: ( 1) the 
metabasalts or metadolerites comprising most of Bakers Hill, (2) the sediments 
found to the west of Bakers Hill, and (3) the belt of sediments and volcanics lying 
approximately to the south-east of Bakers Hill. Relationships between the basic 
rocks of Bakers Hill and the neighbouring sediments are not clear. The basic rocks, 
which are essentially blastophitic arrangements of hornblende and plagioclase (e.g. 
12647' and 12649), outcrop as a massive block. They may be faulted into the sedi­
ments or they possibly form a sill or a dyke. Another alternative is that they are 
interbedded volcanics (cf Voisey, 1939, p. 389) and they are here tentatively called 
metabasalts. The strike of sediments to the west of Bakers Hill and the western 
margin of the meta basalts are subparallel (Fig. 2). Here the sediments are similar to 
those found south-east of Bakers Hill and thermal metamorphic effects have 
altered pelitic carbonaceous rocks to chiastolite-cordierite hornfelses (e.g. 12686). 
No clear junction was found between the metabasalts and the sediments and 
volcanics lying to the south-east of Bakers Hill. The contact (Fig. 2) is sub-parallel 
to the north-east strike of fossil-bearing sediments (containing Linoproductus 
springsurensis and fenestellids, Voisey, 1939, p. 388) found in the Maryland River 
1.5 km south-east of Bakers Hill. Sediments from this area are semipelitic rocks 
including tough, black, fossiliferous and slightly carbonaceous siltstones (with 
calcite relics of fossils, e.g. 12650), grey massive sericitic mudstones (e.g. 12651), and 
grey silicified feldspathic siltstones (e.g. 12652). 
Some 350m downstream from the fossil locality the sediments are followed by 
layered sodi-potassic rhyolites (e.g. 12626) which are apparently conformable with 
the sediments. A typical rhyolite (12626) is grey and fine-grained with oriented pink 
plagioclase phenocrysts. These lie subparallel to an indistinct layering defined by 
biotite flakes and emphasized by lenses and bands containing quartz of differing 
grainsize. Plagioclase (An12_6) phenocrysts (0.5-2mm long) are partly altered to 
kaolin or sericite and they are sparsely set in a groundmass of granular quartz and 
feldspar (0.05-0.25 mm across). Biotite (a = pale brown, y = almost opaque) 
1 Numbers refer to rocks and thin-sections contained in the collections of the Department of Geology 
and Mineralogy, the University of Queensland. Accurate localities are given in the writer's Ph.D. thesis 
submitted to that university. 
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trails bend around the phenocrysts and locally a peppering of opaque grains may 
be present. K-feldspar occurs in some of the coarser quartz-feldspar mosaics of the 
groundmass. Chemical data are listed in Table 1 (Analysis 1). 
The country rocks of the eastern area form wall-rock for some hundreds of 
metres north-west across the Liston-Rivertree road from Undercliffe Falls (Fig. 2). 
It was here that Voisey (1939) noted the presence of altered tuffs and mudstones; 
similar sediments to those from Bakers Hill are found also. The wall-rock at Under­
cliffe Falls is a tough, grey, massive hornfels (e.g. 12629). Plagioclase (An37_35) 
occurs as poikiloblasts and the other minerals, which include quartz, biotite and 
hornblende, form polygonal grains. This hornfels was possibly derived from an 
intermediate tuff. Fossils in the sediments from near Undercliffe Falls include 
Deltopecten illawarrensis, Taeniothaerus subquadratus (?), Spirifer sp. indet., 
Ingelarella subradiata, Strophalosia jukesi and Protoretepora (names revised) 
(Andrews, 1908, p. 4) and a Permian age is indicated. 
The scattered extent of the third group of country rocks (the isolated basic 
relics) is indicated on the map (Fig. 2). The best exposure of these mafic rocks is in 
Herding Yard Creek about 1.5 km north-west of Liston. (Saint-Smith, 1914, p. 73, 
regarded the exposure as '' . . .  one of the most remarkable geological structures to 
be seen in any part of the whole granite plateau"). Granite, aplite and pegmatite 
veins in the basic rocks indicate that the latter are older. Saint-Smith (1911) called 
the rocks in this group "diorite", presumably because they are massive rocks com­
posed of hornblende and plagioclase. In many specimens, however, a relict ophitic 
to subophitic texture can be recognized and this, combined with chemical com­
position, suggests that a better name is metadolerite or metagabbro. 
In specimen 9172, representing the least-affected metadolerite, plagioclase 
(An65-An25 at some rims) crystals are subhedral and have a lath shape with lengths 
varying from 1 to 2 mm and breadths from 0.25 to 0.5 mm. Twinning is on the 
albite and combined Carlsbad-albite laws. Extinction may be patchy and crystals 
are clouded with opaque material. Hornblende, which contains small amounts of 
relict pyroxene, forms anhedral patches 1 to 2 mm across {a =pale straw, f3 = green 
with a brown tint, y = green with a pale brown tint; cores are paler in colour than 
rims; f3 = 1.652; 2Va = 70°; y: z = 21°). Biotite occurs as anhedral crystals 
{a = pale straw, f3 = y =dark red-brown; {3 = 1.643; 2Va = 0°-2° (est.) ) which 
average between 0.2 and 0.4 mm across. Matted aggregates of biotite are inter­
grown with the hornblende. Opaque oxide, apatite and prehnite occur as accessories. 
A chemical analysis and CIPW norm of 9172 are set out in Table 1 (Analysis 5). 
More pronounced contact effects of the granites on the basic rocks have pro­
duced agmatitic hybrids with K-feldspar porphyroblasts and quartz ocelli. These 
rocks are noted here because they suggest a source for the basic xenoliths in the 
Undercliffe Falls mass. Such outcrops indicate that the basic rocks were resistant 
to assimilation and bring into prominence the idea that the porphyritic adamellite 
formed by hybridization. 
The Undercliffe Falls porphyritic adamellite 
The original shape of this mass cannot be determined since the Stanthorpe 
adamellite has displaced an unknown volume of the porphyritic rock, and to the 
east faulting has caused further disruption. Structurally it may be treated as a unit 
although five varieties have been recognized: 
(1) A normal type, containing pink K-feldspar phenocrysts (Plate II, Fig. 1), 
which is the variety having the largest volume. 
(2) A type with white K-feldspar phenocrysts. 
(3) A finer and even-grained marginal type (Plate II, Fig. 3). 
(4) An intermediate marginal type (a rock intermediate between the marginal 
and normal types) (Plate II, Fig. 2). 
(5) A brecciated type. 
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A preferred orientation of xenoliths (Plate I) is the most prominent structural 
feature of the porphyritic adamellite. K-feldspar phenocrysts locally have a similar 
orientation to adjacent inclusions. The xenoliths are roughly lenticular and their 
preferred orientation is planar rather than linear. Where the xenoliths occur in 
swarms, the swarms are also elongate in the direction of the preferred orientation of 
individual xenoliths. Clusters of K-feldspar phenocrysts are locally associated with 
xenolith aggregations (Plate I, Figs 2, 4). 
The inclusions have a general east-west trend with most dips to the south 
(Fig. 2). Near some contacts xenolith orientations curve with a bend in the contact 
(e.g. 4 km west-south-west of Bakers Hill). Towards the middle of the mass, how­
ever, trends are not as regular and dips may be variable. In spite of the small amount 
of country rock, there is a correlation between the attitude of the wall rock and the 
preferred orientation of xenoliths in the porphyritic adamellite. This suggests 
grossly conformable contacts. In detail, however, the junctions between the in­
trusive rock and wall rock are sharp and transgressive. Three different contact 
relationships exist: 
( 1) South-east of Bakers Hill the normal porphyritic adamellite passes gradually 
through the intermediate marginal variety to the marginal type (Plate II). This 
marginal phase intrudes the rhyolitic country rock as a network of sharply-margined 
dykes forming an intrusion breccia. In this area the dip of the xenoliths indicates 
that the planar structure in the adamellite dips inwards. 
(2) At Undercliffe Falls the change from the normal variety of the porphyritic 
adamellite to hornfels is sharp (e.g. 12629) and no marginal phase is present. A 
general conformity between the dip of country rocks and the dip of the preferred 
orientation in xenoliths of the porphyritic adamellite suggests an outward-dipping 
contact trending south-east. This contact is terminated at the Demon Fault. 
(3) About 1.5 km north-north-west of Liston the agmatite outcrop shows a 
contact marked by the development of hybrid rocks containing large K-feldspar 
crystals. 
The Stanthorpe adamellite 
This has the greatest surface extent of the three major intrusions, and its out­
crop over a larger area still may be seen in Saint-Smith's (1914) maps. It has a 
variable appearance but is not readily divisible into mappable units. Three fairly 
Explanation of Plate I 
FIG. I.-A swarm of basic xenoliths in the Undercliffe Falls porphyritic adamellite. The concentration 
here is much greater than usual and the xenoliths are a little larger than normal. They exhibit a marked 
preferred orientation (strike east-west, dip about 50° south) and in some areas xenolith swarms are 
themselves elongate in the direction of the preferred orientation. The preferred orientation is believed 
to be a primary flow structure. Locality: Herding Yard Creek, some 5 km north-north-west of Liston. 
FIG. 2.-Detail of an area illustrated in Fig. I. Large K-feldspar crystals have a similar orientation to the 
xenoliths. Many are concentrated between the tips of adjacent xenoliths (e.g. area a). This may be due 
to a filtering action by the xenoliths or to crystal growth along a "potential" joint. The coin is a florin 
(diam. 2.8 em). 
FIG. 3.-A concentration of K-feldspar crystals within basic xenoliths in the normal phase of the Under­
cliffe Falls porphyritic adamellite. Some crystals occur in both the adamellite and xenolith (e.g. area a); 
others have a rapakivi-like texture (K-feldspar mantled by plagioclase, e.g. area b). Some felsic minerals 
have concentrations of mafic minerals about them. The texture of the porphyritic adamellite is typical 
for this rock. The coin is a florin (diam. 2.8 em). Locality: about 45m upstream from the locality for 
Fig. I of this plate. 
FIG. 4.-A dense concentration of large K-feldspar crystals associated with a close packing of basic 
xenoliths. K-feldspar crystals have grown across the margins of some xenoliths. The coin is a florin 
(diam. 2.8 em). Locality as for Fig. 3. 
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distinctive types may be recognized, however, and these are described in the petro­
graphy section. All the specimens are roughly even-grained and are .. massive" in 
appearance. In the field changes between the types are gradational over distances of 
hundreds of metres. 
Xenoliths are few in the Stanthorpe adamellite but some preferred orientation 
could be recognized in tabular K-feldspar crystals. Although a ·• .. . ... marked 
orientation of long rectangular felspars" (Andrews et a/., 1907, p. 212) is well­
developed at certain localities, in other places it is difficult to distinguish. No 
lineation was recognized. The most obvious features of the preferred orientation are 
a sub-parallelism to the contact with the porphyritic adamellite and, particularly in 
the area 1.5 to 3 km north-west of Liston, a transgression across the approximate 
east-west trend of xenolith alignment in the porphyritic adamellite. 
Contacts between country rock and the Stanthorpe adamellite near Undercliffe 
Falls are complex as the granite has invaded the wall-rock in a network of dykes 
producing an intrusion-breccia (cf. Andrews, 1905, p. 125). Basic rocks have also 
been invaded by the Stanthorpe adamellite giving rise to agmatite and this is well 
displayed in Herding Yard Creek 1.5 km north-west of Liston. 
The Stanthorpe adamellite intrudes the porphyritic adamellite, a feature 
evident, for example, at Wylie Creek 6.5 km north-north-west of Liston and Ruby 
Creek 7 km north-west of Liston. At the latter locality blocks of porphyritic 
adamellite are found in the Stanthorpe adamellite, and the preferred orientation of 
the porphyritic adamellite xenoliths has been transgressed by the younger rock. An 
example of the abrupt contact is shown in Plate II, Figure 4. Because of the obvious 
cross-cutting relationship the writer agrees with Andrews that the Stanthorpe 
adamellite is a separate intrusion (see, however, Saint-Smith, 1914, p. 57). 
The Ruby Creel< granite 
The outcrop of this mass is only partly shown in Figure 2 and a broader out­
line of its extent may be obtained from Saint-Smith (1914). It differs in its field 
relations from the other two major granites in that it has not been seen in contact 
with country rock. It is an even-grained rock of uniform appearance except at its 
margins where it is fine-grained. The Ruby Creek granite is .. massive" and no pre­
ferred orientation was recognized. There are few xenoliths and feldspar crystals are 
not well-shaped nor of sufficient size ( 1-2 mm) to allow measurements of crystal 
alignment. It has a prominent meridional joint system (dip is vertical) and aplite 
dykes are rare. 
There is no contact with the porphyritic adamellite and the contact between the 
Ruby Creek mass and the Stanthorpe adamellite is not clearly exposed. However, 
as one proceeds upstream in Herding Yark Creek from 1.5 km north-west of Liston 
the Stanthorpe adamellite is abruptly displaced by fine-grained aplitic rocks (e.g. 
12637), which give way through coarser rocks like 12639 to the Ruby Creek granite 
(e.g. 12640). The fine-grained rock occurs at other contacts and it is taken to be a 
marginal phase of the Ruby Creek mass (cf. Saint-Smith, 1914, p. 32). This fine­
grained marginal variety is of minor development but it is characteristic of the 
Ruby Creek granite found next to Stanthorpe adamellite. 
Explanation of Plate 2 
FIGS. 1, 2, and 3.-These illustrate the gradual change from the normal porphyritic adamellite (Fig. 1) 
through the intermediate marginal type (Fig. 2), to the even-grained marginal type (Fig. 3). This last 
rock is shown as Stanthorpe granite on Saint-Smith's map (1911), but this is an error. Both even-grained 
rocks are fairly distinctive (see petrography). The coin in the three figures is a sixpence (diam. 1.9cm). 
Locality: some 3 km south-east of Bakers Hill. 
FIG. 4.-The abrupt contact between the porphyritic adamellite and the Stanthorpe adamellite (northern 
mass). Saint-Smith (1914) has said that these rocks grade into each other but this is an error. Locality: 
in a tributary of the Maryland River, 6.5 km north of Liston. (The dark fine-grained area in the photo-
graph is water flowing down a crack in the rock). 
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Because of its fine-grained margin the Ruby Creek granite is believed to intrude 
the Stan thorpe adamellite and to be the youngest of the three major plutonic rocks. 
Some of the aplogranite dykes in the older rocks may be fine-grained equivalents of 
the Ruby Creek mass. Other minor intrusions in the area include quartz veins, 
pegmatites, porphyritic microgranite dykes and "basic" dykes. 
PETROGRAPHY OF THE PLUTONIC ROCKS 
The Undercliffe Falls porphyritic adamellite 
The normal type with pink K-feldspar phenocrysts 
Specimens of this common type are 7313, 9166 and 9173 all of which come 
from the S-bend in the Liston-Rivertree road occurring 2.5 km west of Undercliffe 
Falls. Localities where there are good natural exposures include Undercliffe Falls 
(e.g. 12706) and Herding Yard Creek 5 km north-north-west of Liston (Plate 1).
The normal type has pink K-feldspar phenocrysts (about 11 per cent by volume) 
set in a grey phaneric matrix. The K-feldspar phenocrysts are twinned on the 
Carlsbad law and vary from 30-40 mm x 15 mm to 15 mm x 8 mm. The even­
grained matrix is composed essentially of plagioclase, quartz, K-feldspar, biotite 
and hornblende, most crystals being hypidiomorphic. Megascopic euhedra of red­
brown sphene are readily identified. Separate white patches of plagioclase occur 
locally in the matrix. Finer-grained, black xenoliths, composed of similar minerals 
to those of the adamellite, are scattered throughout. They vary from 5 to 30 em in 
length. 
Plagioclase (39.0 %) is an important constituent. "Normal groundmass" 
crystals are subhedral, varying (in thin-section appearance) from square grains with 
sides about 1 mm to larger individuals 7 x 4 mm (Plate Ill, Fig. 1, area a). Albite, 
Carlsbad and locally pericline twins are developed, and a patchiness in extinction 
and twinning suggests that some crystals are composite. The bulk composition 
ranges between An32 and An27• There is a faint normal oscillatory zoning with some 
2 All mode percentages are expressed as volume per cent, and refer to specific specimens listed in the 
ta.bles. 
Explanation of Plate 3
FIG. I.-Photomicrograph of the Undercliffe Falls porphyritic adamellite {normal type) showing its 
overall texture. A plagioclase of phenocryst aspect occurs at a, an anhedral quartz aggregate at b and 
possible plagioclase xenocrysts near c and d. Rock 7312. X 4. Crossed nicols. 
FIG. 2.-A rapakivi-like feldspar in the normal phase of the porphyritic adamellite. Much of the plagio­
clase (white) occurs as rectangular blocks at the margin of the K-feldspar which shows Carlsbad twinning. 
Plagioclase also occurs as block-like inclusions in the K-feldspar. Rock 7313. X 10. Crossed nicols. 
FIG. 3.-Two subhedral pyroxenes in the white-phenocryst type of the Undercliffe Falls porphyritic 
adamellite. Note the indentation caused by the feldspar at area a. The pyroxene in the lower portion 
of the photograph has been altered to biotite at its core but there is no distinct marginal alteration to 
amphibole. Rock 9170. X 8. Crossed nicols. 
FIG. 4.-A large K-feldspar crystal with a rapakivi-like mantle of plagioclase. The crystal has formed in 
both a xenolith (to the left of the photograph) and the porphyritic adamellite (to the right). Both the 
K-feldspar and the plagioclase have a common composition surface for the Carlsbad twin (see area a). 
Note the more irregular inner margin of the plagioclase and its zonation outwards (area b). Small 
plagioclase inclusions are common near the margin of the K-feldspar (e.g. area c). The inset shows part 
of the same K-feldspar at lower power (about natural size) (cracks d and e are the same) and it is seen 
to be actually a composite aggregate of K-feldspars which share a common plagioclase mantle that has 
different orientation corresponding to adjacent K-feldspar. The internal junctions of the K-feldspar 
(e.g. from points f to g), however, have no plagioclase along them. Rock 9173. X 3. Crossed nicols. 
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cores near An37, and rarer patches near An45; borders are An22• Much of the plagio­
clase is clear, but some cores are altered to sericite, and some crystals contain 
anhedral inclusions of chlorite, epidote and calcite. Hornblende, magnetite and 
biotite are locally enclosed by plagioclase, and margins against K-feldspar are 
irregular. Certain plagioclase crystals appear different because of their larger size, 
gross core alteration to sericite, distinct ovoid alteration zones, or the presence of 
numerous small mafic inclusions. Such grains may be xenocrysts (Plate IV. Fig. 3). 
Plagioclase also occurs as rapakivi-like mantles about K-feldspar phenocrysts, 
as inclusions. in K-feldspar phenocrysts, as concentrations in "patches" within the 
groundmass, in perthitic intergrowths, in myrmekite and as rim albite. 
The rapakivi-like mantles (plagioclase is An31_27 to An23 at some margins) may 
be subdivided into three types: ( 1) single crystals which are in structural continuity 
with the enclosed K-feldspar; (2) aggregates of small blocks which have a close 
structural similarity to the K-feldspar kernel (Plate III, Fig. 2), and (3) rare granular 
mosaics of unoriented crystals that form a zone within the outer margin of a locally 
antiperthitic K-feldspar phenocryst. Mantled feldspar crystals are random in dis­
tribution; they may be well-developed about one phenocryst whereas an adjacent 
phenocryst has no mantle. Some parts of the porphyritic adamellite lack mantled 
crystals altogether. 
The plagioclase (An29_27) occurring as inclusions within K-feldspar commonly 
has random orientation. Most grains range in length from 0.5 to 1.0 mm and rims 
of albite are invariably collected about them. The "patch" plagioclase appears in 
thin-section as subparallel rectangular units which have a similar orientation for 
many millimetres (Plate IV. Fig. I). The margin between "normal groundmass" and 
"patch" plagioclase is sharply defined and is emphasized by a zonation from 
An36-31 to An23-22· A chemical analysis of this patch plagioclase appears in Table 3 
(Analysis 9). Most of the plagioclase (An5) in perthitic arrangement occurs as 
irregularly branching veins and regular films. Quartz blebs may be associated with 
this plagioclase. At many of the interfaces between K-feldspar and plagioclase or 
between two adjacent K-feldspar crystals, fan-shaped, sponge-like outgrowths of 
myrmekite (plagioclase An26_23) occur. Rim albite (locally separated from primary 
plagioclase by a layer of myrmekite) has also formed on plagioclase in contact with 
K-feldspar. The inner junction is smooth but the outer edge may be irregular. 
(Myrmekite and albite have been explained previously as exsolution products, see 
Phillips (1964), also Hubbard (1966) ). 
Explanation of Plate 4
FIG. I.-A typical example of the blocky nature of the "patch" plagioclase from the normal type. There 
is only a minor amount of quartz and K-feldspar associated with this plagioclase. Rock 9166. X 28. 
Crossed nicols. 
FIG. 2.-Relatively coarse film perthite in the white-phenocryst variety of the porphyritic adamellite. 
The margin between the microperthite and the adjacent plagioclase is irregular, suggesting replacement 
by the K-feldspar. Rock 9170. X 18. Crossed nicols. 
FIG. 3.-A plagioclase crystal which may be a xenocryst. Note its distinct core which has been altered. 
The K-feldspar to the lower right has an indented junction against the plagioclase. Rock 12706. X 26. 
Crossed nicols. 
FIG. 4.-This shows a near basal section of biotite in which small inclusions of apatite and zircon (with 
dark haloes) are concentrated. There is a preferential distribution of the accessories in the biotite. 
From the porphyritic adamellite. X 30 approx. 
FIG. 5.-A cluster of euhedral sphene crystals set in K-feldspar adjacent to biotite. The example comes 
from the intermediate marginal type. Rock 9168. X 32. 
FIG. 6.-An example of the restriction of mafic minerals (here mainly biotite, hornblende and sphene) 
to narrow regions between feldspars in the marginal type of the porphyritic adamellite. Apatite at area 
a is situated in the feldspar but may have been derived from the adjacent biotite. Rock 9169. X 25. 
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K-feldspar (23.3%) occurs as subhedral phenocrysts (Plate Ill, Fig. 1) and 
anhedral granular to interstitial patches (1 to 2 mm across) in the groundmass. The 
phenocrysts present the forms {010}, {001}, and {101}, and are tabular parallel to 
{010}. Basal cleavage flakes have an extinction angle a': (010) = 0°-2°. Extinction 
is undulatory suggesting small departures from monoclinic symmetry. The ex­
tinction angle a': (00 1) on (0 10) is 9°; Bxo interference figures are slightly off-centre; 
2Va u�ually ranges between 52° to 56° but may reach 60°. The separation of 131 
and 131 in X-ray powder patterns is zero, indicating monoclinic symmetry (Gold­
smith & Laves, 1954). Inclusions within the phenocrysts are of plagioclase, quartz, 
biotite, hornblende and sphene. A chemical analysis of a K-feldspar phenocryst 
from 9166 is given in Table 3 (Analysis J) which also lists a partial analysis of a 
phenocryst from 9173 (Analysis 3). The groundmass K-feldspar is usually un­
twinned; it has an undulatory extinction and 2 V ranges from 50° to 60°. 
Quartz (24.8%) occurs as anhedral grains in the groundmass, as inclusions in 
K-feldspar phenocrysts, and in myrmekite. Groundmass crystals. vary from 0.5 to 
3 mm across with most grains aggregated in patches (Plate Ill, Fig. 1, area b).
Extinction is even, crystals are cracked, and minute inclusions are found along some 
fractures. Quartz inclusions within K-feldspar have an elongate form in (010) 
sections of the feldspar. Narrow blebs are moulded along some Carlsbad com­
position planes, while others are found next to plagioclase inclusions in K-feldspar. 
Biotite (7.6%) forms subhedral to anhedral crystals varying from 0.5 to 1.5 mm 
across. In general it moulds around plagioclase and quartz but reverse relationships 
are seen. Embayments in some biotite suggest replacement by K-feldspar and 
curvature in the mica cleavage indicates physical displacement. Biotite crystals 
locally occur in clusters and hornblende and opaque oxide are associated minerals. 
The mica contains inclusions of apatite, magnetite, zircon and sphene (Plate IV, 
Fig. 4). Pleochroism is a= pale straw, {3 = y =dark brown to opaque (some minor 
chlorite forms in layers parallel to the cleavage and here a = straw, and {3 = y = 
green). {3 = 1.648 ± 0.004; 2Va = 2°- 5o (est.). A chemical analysis is given in 
Table 4 (Analysis J).
Hornblende (3.7%) is found as subhedral crystals from 1 to 10 mm in length 
with many about 2 mm long. Most grains exhibit simple or polysynthetic twinning 
par�llel to {100}. Inclusions of biotite (some oriented), apatite, magnetite and 
zircon are abundant. Sphene crystals, anhedral or euhedral in form, occur within 
some of the amphibole or are associated with it. The hornblende may be present as 
single crystals or as "matted" clots. a = pale yellow, {3 = brown-green, y = green; 
a = 1.654, {3 = 1.661, y = 1.671 ± 0.003; 2Va = 71° ± 2°; y: z = 18° ± 1°. 
A chemical analysis is given in Table 4 (Analysis 6).
·Opaque oxides (about 0.7%) are found as inclusions within the mafics but
aggreg�tes of discrete �rains 0.1 to 0.5 mm across are �lso present. �uch of it is 
magnetite. Sphene (0.4%) occurs as euhedral crystals which are pale pmk-brown in 
thin-section; grains vary from 0.5 to 3 mm in length. Minor amounts may be 
anhedral and granular but here the sphene is enclosed in hornblende or biotite and 
may be secondary. Multiple twinning is present in a few crystals. Some sphene holds 
inclusions of a graphic-like magnetite which is crowded towards the cores. There is 
extreme axial dispersion with r > v. A chemical analysis is given in Table 5 (Analysis 
1). . 
_Other a�cessory minerals (about 0:5%) in?lude apatite, zircon, pyrite, epidote,kaohn formmg after K-feldspar, allamte, calcite and tourmaline (w = blue-green 
with a brown tint, € = pale yellow). The apatite is generally clear although a few 
crystals have clouded cores (w = 1.637). Zircon crystals are euhedral and have a 
zonal arrangement. Many are nearly colourless although some have a pink tinge: 
they have a yellow fluorescence. The commonest length for prismatic crystals is 
0.12 mm and the breadth is 0.06 mm. Tabular zircons (parallel to x) also occur and 
these probably had their broader surfaces set parallel to the basal cleavage of bio­
tite. 
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Chemical analyses, CIPW norms and modes of the normal type are given in 
Table 2 (Analyses 1, 2). 
The type with white phenocrysts of K-feldspar 
This is similar to the normal type (into which it grades) in megascopic appear­
ance excep� for the colour of the K-feldspar. In hand-specimen phenocrysts of 
K-feldspar, varying from 2.5 to 5 em in length, are set in a matrix of plagioclase, 
quartz, K-feldspar, biotite and hornblende. (A chemical analysis, CIPW norm and 
mode are set out in Table 2, Analysis 6). Basic xenoliths are common. Thin-section 
studies reveal differences from the normal type and the main mineral characters of 
the white-phenocryst type are as follows:-
· 
(1) Groundmass plagioclase may have cores as calcic as An57. In other habits 
plagioclase is: (a) enclosed within K-feldspar phenocrysts, (b) in perthitic inter­
growths in which film perthite may be relatively coarse (Plate IV, Fig. 2), (c) in 
myrmekite and (d) in albite rims. (2) K-feldspar exhibits cross-hatched twinning 
typical of a microcline as well as rare Manebach and Baveno twins. A phenocryst 
from 7750 has 6, = 0.5; 2Va = 53°- 81°. Groundmass K-feldspar shows simple 
twins and occurs as subhedrat crystals. (3) Quartz forms rare micrographic inter­
growths with K-feldspar. (4) Biotite is red-brown rather than brown and a = 
straw, fi = y = dark red-brown. f3 = 1.669 ± 0.004; 2Va. = 2° - 5° (est.). (A 
chemical analysis is given in Table 4, Analysis 2). (5) Amphibole occurs in two 
habits. A hornblende with good prismatic cleavage (and a = straw, f3 = brown­
green and y = green) appears to be primary. It may be cored with pyroxene and 
exhibit a "subophitic" texture. a = 1.645, f3 = 1.664, y = 1.671 ± 0.003; 2 Va = 
67° ± 2°; y: z = 14° ± 1°. The other amphibole(? uralite)�s··pa1e green;.fibrous·and 
its cleavage is not distinct. It is apparently secondary after pyroxene wfth which it is 
intimately associated. a = colourless, f3 = pale green-brown, y = pale green; 
a = 1.637 ± 0.003 ;i 2 Va. = 70°. (6) Colourless pyroxene (unknown in the normal 
type) forms crystals which may be supophitically intergrown with plagioclase 
(Plate III, Fig: 3). 2 Vy = 53° and f3 = 1.694 ± 0.002, making it augite, Ca44 
Mg42 Fe14• (7) Sphene occurs as anhedral blebs within the mafics and the amount 
is considerably lower than in the normal type. (8) Magnetite is rare. (9) There is 
evidence of secondary alteration (e.g. epidote, calcite, allanite and pennine are 
accessories) and clouded apatite crystals are common. They have an apparent 
pleochroism from w = pale mauve-grey to£= dark grey (see Baker, 1941; Groves 
& Mourent, 1929, Fig. 1); w = 1.637, indicating fluor-apatite. 
The 'Intermediate marginal type 
This more even-grained variety lies between the normal type (e.g. 9166) and 'ihe 
very felsic marginal type (e.g. 9169). A typical specimen is 9168 and hand-specimen 
comparison of the three varieties may be made from Plate II. Rock 9168 mega­
scopically has a similar appearance to the normal type except that the K-fe1dspar 
crystals are reduced in size. Micrometric analyses show that the intermediate rock 
has a lower colour index (9.8). 
The plagioclase may be antiperthitic. Much of it ranges about An27 bur sdme 
cores are as calcic as An7o-75. It also occurs as albite in perthitic intergrowths, as 
rim albite, in myrmekite and as inclusions in K-feldspar. Granular plagioclase 
mosaics are found locally, but rapakivi-like mantles and the white "patch" plagio­
clase have not been seen. K-feldspar shows little departure from monoclinic sym­
metry; 2Va = 53° - 58° ± 2°. Smaller pools (2- 3 mm across) may be equated 
to groundmass K-feldspar in the normal variety. The K-feldspar in antiperthitic 
relationship with plagioclase may itself contain albite films. The major mafic 
minerals, biotite and hornblende, occur in clots set with crystals of magnetite, 
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euhedral sphene, apatite (w = 1.634) and zircon. The biotite has� = 1.646; i� may 
be altered to pen nine and plagioclase moulds around it. The hornblende 1s the 
common brown-green type with a = 1.653; � = 1.665, y = 1.671 ± 0.003; y: z 
= 
18° ± 1 o ; 2Va (meas.) = 63°. ± 2°. Sphene is locally found in feldspar and here 
its euhedral habit is readily seen (Plate IV, Fig. 5). A chemical analysis, CIPW 
norm and mode of 9168 are given in Table 2 (Analysis 7).
The marginal type 
Rocks of this type have variable textures and modes. Specimens from nearer 
the normal phase are almost porphyritic while some in immediate contact with 
wall-rock are fine .. grained. There is, however, a belt of distinctive medium to coarse 
and even-grained rock (Plate II, Fig. 3) which can be recognized along the contact 
zone. Specimen 9169 represents the marginal phase (Table 2, Analysis 8).
In hand-specimen the colour is pale fawn-grey. K-feldspar showing simple 
twins, quartz, plagioclase, biotite and sphene can be recognized. Crystal shapes vary 
from subhedral to euhedral and most grains range about 2.5 mm in length. K­
feldspar crystals may be about 6 mm long and 4 mm wide. 
Mineral properties include: 
(1) K-feldspar, occurring as subhedral grains, cannot be separated into pheno­
cryst and groundmass. Rapakivi-like textures are absent and albite is coarse in its 
microperthitic intergrowths. a': (010) = 2° - 5°; 2Va = 61" - 65c. (2) Plagioclase 
(An50_45, in some cores to An20_15) occurs as primary crystals (2 x 3 mm), and as 
granular patches set between K-feldspar crystals, as crystals included within K­
feldspar, in perthite, as intergranular albite, as rim albite and in myrmekite (Phillips, 
1964). (3) Quartz is anhedral. (4) Biotite (with a = pale straw,� = y = dark brown 
with an orange tint;� = 1.635 ± 0.004; 2Va = 2°- 5° (est.) ) contains euhedral 
sphene, apatite (w = 1.636) and zircon and is associated with hornblende (Plate IV, 
Fig. 6). (5) Hornblende (with a = pale yellow, � = green-brown, y . green; 
a = 1.650, � = 1.662, y = 1.668 ± 0.003; 2Va = 68°; y: z = 18.5° ± 1 °) forms 
subhedral to anhedral crystals (1.0 - 1.5 mm long). (6) Opaque oxide encloses 
zircon and apatite and locally zircons are bunched about its borders. (7) Sphene 
coats opaque oxide or forms abundant euhedral grains. 
The brecciated type 
A representative sample of this rock is 12628. In hand-specimen it has a 
fragmental appearance with orange-pink feldspar and angular white quartz set in a 
network of black to green mafics. Fine, dark green veins cut the rock and quartz and 
feldspar tend to occur in bands. The brecciated rock merely represents the normal 
type after the latter has been subjected to stress. The crystal shape of all phases is 
poor (K-feldspar phenocrysts are difficult to recognize) and the grains are angular 
and haphazard in arrangement. Quartz has an undulatory extinction, and the 
plagioclase (albite) exhibits numerous bent twin lamellae and micro-faulting. 
Chlorite is the only mafic mineral of significance. Abrupt changes in grain size from 
minor virtually sub-microscopic granules to coarse fragments 5 mm across the 
apparent forcing of one major mineral through another, and the presen�e of
veinlets crossing all the constituents indicate brecciation. 
Xenoliths in the normal porphyritic adamellite 
Xenoliths form an important phase in the porphyritic adamellite (Plate I). 
They were called basic segregations by Andrews (1905, p. 114), Andrews et a/.
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( 1907, p. 207) and Saint-Smith ( 1911 ), p. 89). Andrews ( 1905) especially noted the 
presence of " . . .. pink porphyritic felspar table[t]s . ... scattered through the 
segregations ... " The inclusions are darker, denser and of finer grain-size than the 
porphyritic adamellite and differ from it in the relative proportions of the mineral 
phas�s present. The commonest xenolith type (the basic xenolith) is black and 
massive. 
Specimens 7302 and 9173 represent the common basic inclusion. These are 
dark, fine-grained rocks containing sporadic larger white plagioclase and pink 
K-feldspar crystals, less obvious hornblende prisms and rare large K-feldspars of 
similar size to the K-feldspar phenocrysts of the surrounding adamellite (Plate I). 
The large K-feldspars may be wholly within the xenolith or they may occur astride 
the margin between xenolith and adamellite (Plate I, Fig. 3). This texture is em­
phasized on a smaller scale where plagioclase from the adamellite juts into the 
xenolith forcing minerals of the inclusion to mould around it. Some of the large 
K-feldspars in the xenoliths are mantled by plagioclase in a rapakivi-like texture 
(Plate I, Fig. 3 area a, and Plate III, Fig. 4). 
Plagioclase varies from An39 to An21 with some cores An45• Hornblende from 
9173 has a = pale straw,� = brown-green, y = dark green;� = 1.660. (Horn­
blende from the surrounding adamellite has� = 1.662.) Biotite in _the incluston has 
a = pale straw,� = y = dark brown to black; f3 = 1.647; 2 Va --= 0 - 5 (est.).
Sphene is poikiloblastic and clinopyroxene occurs rarely as a core to hornblende. 
Quartz is absent from 7302 but occurs in small amounts in 9173. Accessories include 
magnetite and apatite. A chemical analysis, CIPW norm and mode of 9173 are 
given in Table 2 (Analysis 9).
The large K-feldspar in the xenolith 7302 is megascopically euhedral and 
elongate in the x crystallographic direction. The two xenolithic K-feldspars of 9173 
are anhedral and composite. Carlsbad twins are present in all . of the crystals. 
Partial analyses of the K-felspars from 7302 and 9173 are_given in Table 3 (Analyses 
4 and 5 respectively). Specimen 9173 shows a speci-al case where one growth has a 
rapakivi-like mantle of plagioclase (Plate III, Fig. 4) surroundil}g a ·number of 
differently oriented K-feldspar cores. 
Other types of inclusions are "ghost" xenoliths rich in rapakivi-like feldspars, 
and layered xenoliths (e.g. 13159) set locally alongside the massive basic types. The 
rare layered xenoliths are presumed to be of sedimentary origin. Xenoliths, probably 
of a higher level sedimentary origin, occur near Undercliffe Falls and these are 
correlated with some of the outcropping country rocks. 
The Stanthorpe adamellite 
Three varieties of the Stanthorpe adamellite have been recognized (cf 9167, 
7306 together with 13132, and 12633). Rock 9167 (from Wilsons Downfall) has a 
preferred arientation defined by subhedral off-white K-feldspar laths (1.3- 2:0 mm 
in length) occurring with plagioclase, quartz and biotite. The texture is roughly even­
grained and the grainsize is coarse. Rare K-feldspars, 3.5 to 5 em in length, give the 
rock a porphyritic aspect. Locally these large crystals are mantled by plagioclase. 
Plagioclase (40.9%) occurs as "primary" crystals and as: (a) relatively coarse 
vein perthite (An2_5, locally An15), (b) unoriented grains (An23) included in K­
feldspar, (c) small granular patches located between larger adjacent plagioclase laths 
and m vein-like seams along disruption planes, (d) trails of myrmekite set between 
adjacent K-feldspar laths, and (e) myrmekite and albite rims on primary plagioclase. 
The bulk plagioclase occurs as subhedral crystals 1 to 6 mm in length and the 
average composition is An23 (cores An26, locally An36, rims An20). Alteration is to 
sericite, much of it being confined to the cores. Small biotite, hornblende and mag­
netite granules occur rarely as inclusions. At their contacts with K-feldspar most 
plagioclase crystals are indented or have a granular "fringe". 
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Quartz (25.3%) forms anhedral crystals 2 to 3 mm across. Much of it occurs 
as granular crystals and only rarely is it interstitial. Some. of �he la�ger patc�es �re
composite and most crystals are cracked and carry dust-hke mclus10ns. Extmctton 
is undulatory. Less commonly quartz occurs as angular small patches developed 
along Carlsbad composition planes. 
K-feldspar is subhedral to anhedral and ranges from 2 to 6 mm in length. 
Twinning is invariably on the Carlsbad law, and uncommonly on the Baveno law. 
Basal cleavage flakes have a': (0 10) 0° with an even extinction; side pinacoids 
have a: (001) = 7o- 8°; 2Va = 50°- 52°; extinction on (100) sections is even; 
!::, = 0. Hence the name orthoclase is appropriate. The K-feldspar from other
samples, however, exhibits the cross-hatched twinning of a microcline, for example 
13124. 
Biotite (8.3%, with a = pale rusty brown, fJ = y = deep red-brown to almost 
opaque; fJ = 1.665 ± 0.004; 2Va = 5° (est.)) forms subhedral to anhedral flakes 
from 1 to 2 mm in length. Locally it is altered to chlorite and sphene; inclusions are 
of apatite, zircon and magnetite. Allanite is partially or completely surrounded by 
biotite and pleochroic haloes are developed. 
Hornblende (2.1%) occurs as anhedral grains 1 mm across with some better­
formed crystals up to 2 mm. Pleochroic haloes indicate radioactive inclusions such 
as zircon. Other minerals found within the hornblende are apatite, opaque oxide, 
biotite and anhedral sphene which locally forms a lace-like network. The pleochroic 
colours are patchy but a = very pale fawn-grey, fJ = brown-green with a grey tint, 
andy = g�een with a faint grey tint;_a = 1.651, fJ = 1.664, y = 1.674 ± 0.003; 
2Va = 67° (meas.); y: z = 17° ± }0•
Sphene (0.2%) is always anhedral and appears to be an alteration product of 
the mafics. Another accessory is pyrite. Zoned apatite, with partial opaque clouding, 
changes from grey with a fawn tint (w) to almost opaque (e) ; w = 1.636 ± 0.002, 
indicating fluor-apatite. Minute inclusions are common in the zircon; some appear 
to be apatites, some are opaque and others are sponge-like ? bubbles. Euhedral 
tabular zircons (parallel to x) are also present. 
Fine dark green disruption planes, a feature of 9167, are seen in thin-section as 
fine granular mosaics of the constituent minerals. They are micro-faults, some dis­
placements being about 1 mm. A chemical analysis, CIPW norm and mode of 9167 
appear in Table 2 (Analysis 10). 
Samples of the second rock type (7306 and 13132) are rocks most representative 
of the "Stanthorpe granite" of Saint-Smith (1914). Differences between these rocks 
and 9167 described above include a lack of obvious preferred orientation in the 
K-feldspar, locally a decrease in grainsize with a slightly more inequigranular 
texture, a lower mafic content, and a change in colour of the K-feldspar from white 
to pink. This colour change is the most striking difference observed in the field. In 
hand-specimen, 7306 and 13132 have pink K-feldspar, white plagioclase and grey 
glassy quartz speckled with black flakes of biotite. Rock 7306 (with quartz 24.3 
per cent, microperthite 34.1, plagioclase 35.3, biotite 5.4, hornblende 0.7, opaques 
etc. 0.2) differs from 9167 in its mode, the colour index of the former being 6.3, the 
latter 10.8. 
Thin-sections reveal a similar mineralogy in both rock types. The plagioclase in 
7306 has a similar composition (An23) to that in the rock (9167) from Wilsons 
Downfall (in 13132, however, the plagioclase is An17), and the K-feldspar is an 
orthoclase with 2Va = 51 o- 53°. Rock 7306 is partially altered with aggregates of 
sericite in some plagioclase cores and chlorite forming after biotite. Allanite is a 
distinctive accessory. Texturally 7306 forms grains usually between 1 and 2 mm 
across, with K-feldspar crystals up to 6 mm in length. 
An analysis, CIPW norm and mode of specimen 13132 are given in Table 2 
(Analysis 12). The analysis shows that this second variety is a more acidic rock 
similar to the Stanthorpe adamellite recognized by Shaw (Table 2, Analysis 14, see 
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also Wilkinson eta/. 1968). Analyses 10, 11, 12, 13 and 14 in Table 2 indicate the 
variability within the Stanthorpe adamellite. 
The coarse-grained Stanthorpe adamellite (variety three) forming much of the 
northern contact of the Undercliffe Falls mass is represented by specimens 12633 
and 13139 (from a dyke). Specimen 12636, found with 12633, shows the disruptive 
contact between the northern mass and the porphyritic adamellite (Plate II, Fig. 4). 
The rocks from the northern mass are even-grained and pink K-feldspar, white 
plagioclase, glassy quartz and black biotite can be distinguished megascopically. 
Xenoliths are rare. A comparison of modes with those of the other two varieties 
shows that the northern mass has: (a) a high quartz content, (b) K-feldspar dominat­
ing plagioclase, (c) a colour index of 3.3 (compared to 6.3 and 10.8), and (d) virtually 
no hornblende. The mode of the northern mass is not unlike that of the Ruby Creek 
granite described below. The texture is hypidiomorphic-granular with crystals 
1 - 5 mm across. Quartz (36. 7%) is anhedral and locally aggregates of interlocking 
grains are developed. Microperthite (32.6%) forms s�bhedral laths 6 x 4 mm and 
on basal sections a': (010) = oo - 10°, 2V a = 54°-78°. Plagioclase (27.5%) varies 
from An20_17 at the core through An12 to An10 at the margin: in perthite it is An3, 
locally An13• Biotite (3.2%) has a = dark straw, {3 = y = almost opaque; {3 = 
1.667 ± 0.004; 2Va = 2° - 5°. Euhedral yellow-brown allanite is partially enclosed 
by the biotite. 
The Ruby Creel< granite 
The Ruby Creek granite is a homogeneous, even-grained rock. Much of it is 
medium- to coarse-grained, but it has a minor fine-grained margin. Pink K-feldspar, 
white plagioclase and glassy quartz form an evenly dispersed mixture that is 
speckled with black biotite flakes. Specimen 9171 represents the rock. In thin­
section the texture is allotriomorphic-granular although both plagioclase and 
biotite form some subhedral crystals. Most grains lie between 0.5 and 2.0 mm in 
length, with some feldspars about 3.0 mm long. 
Quartz (36.5%) grains are anhedral and have sub-angular margins; most are 
roughly equidimensional. They aggregate and interlock, and locally quartz is 
moulded between feldspar crystals. In a minor form quartz also occurs as granules 
and stems in myrmekite (Phillips, 1964, Pl. I, fig. 1 ). Extinction is even and in­
clusions are rare. 
Plagioclase (30.8%) is present as: (a) primary crystals (Phillips, 1964, Pl. I, 
fig. 1), (b) exsolved phases in perthitic intergrowths with K-feldspar (Phillips, 1964, 
Pl. I, fig. 1 and Pl. I, fig. 2), (c) intergranular albite and myrmekite, (d) rim albite 
and myrmekite, and (e) inclusions within K-feldspar crystals. Primary plagioclase 
forms subhedral to anhedral crystals with albite and Carlsbad-albite twins. A change 
from An16 at the core to An10 at the rim indicates weak zonation (bulk An11_12). 
Sericitization, with the production of relatively coarse mica flakes (0.4 mm across), 
is a feature of some cores. The plagioclase (An2) in microperthite is irregularly 
developed and vein perthite is more prominent than film perthite. Rim albite is 
prominent on primary plagioclase crystals where these are next to K-feldspar; here 
the composition changes from An10 to virtually pure albite. Rare developments of 
myrmekite are found with rim albite (Phillips, 1964, pp. 50, 57). The composition of 
the plagioclase in the myrmekite is about An10• lntergranular albite (An2) occurs 
between adjacent K-feldspar crystals and its structural relations to the microperthite 
are as outlined by Ramberg (1962). Intergranular myrmekite is very rare. Plagioclase 
crystals included in K-feldspar have a similar composition (An10) to the primary 
plagioclase. 
K-feldspar (30.4%) forms subhedral and anhedral crystals. Some grains have 
developed Carlsbad twins but many are not twinned on a simple law. Basal sections 
show fine cross-hatched twinning, with a': (010) = 0° to 10°, or an undulatory 
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extinction. It is probably an intermediate microcline. 2Va = 54° - 73o with rare 
values about 80°. 
Biotite (2.0%) forms ragged subhedral to anhedral flakes. Rare inclusions are 
of apatite and zircon. Indented margins to some crystals and lenticular grey patches 
(under crossed nicols) suggest some reaction with K-feldspar. The biotite has 
a = dark straw, {3 = y = almost opaque; {3 = 1.662 ± 0.004. In addition to its 
occurrence as an alteration product of plagioclase, muscovite is found as interstitial 
crystals set between the felsic constituents. Other accessory minerals (magnetite, 
apatite, fluorite and zircon) are rare. A chemical analysis, CIPW norm and mode of 
9171 are listed in Table 2 (Analysis 15).
The finer-grained marginal phase of the Ruby Creek granite is represented by 
12638. This rock is the finest-grained member of sequence ranging from normal 
Ruby Creek granite (e.g. 12640) through a rock of intermediate grainsize (e.g. 
12639) to the marginal variety. The sequence, however, cannot be strictly demon­
strated in the field because of irregular outcrop. Mineralogically, 12638 is similar to 
the normal rock. Texturally it is allotriomorphic-granular and has the appearance 
of an aplite although there are rare phenocrysts of plagioclase and quartz. Most 
grains range between 0.1 and 0.15 mm with the rare phenocrysts up to 2 mm long. 
In 12639 the average size has increased to 0.2- 0.4 mm, while in 12640 it is about 
0.6 to 0.8 mm. Other textural features are that quartz phenocrysts may form mosaic 
clusters and biotite flakes may be grouped together. 
The marginal rock is similar to numerous acid dykes cross-cutting the older 
intrusions and there may be a connexion between the dykes and the Ruby Creek 
mass. Other minor intrusive rocks include porphyritic microgranites which usually 
have phenocrysts of euhedral K-feldspar (some mantled by plagioclase), high­
temperature quartz, plagioclase (commonly altered to albite) and mafics set in a 
quartzofeldspathic matrix which may be micrographic. 
DISCUSSION 
Disagreement in the previous literature 
Andrews (1905) and Andrews et a/. (1907) referred to the Underchtfe Falls
porphyritic adamellite as sphene-granite-porphyry, porphyritic sphene rock, sphene­
hornblende granite porphyry and sphene-diorite porphyry. The Stanthorpe adamel­
lite was called a- coarse acid granite, and the Ruby Creek granite was noted as 
eurite. Saint-Smith ( 1911) described the U ndercliffe .Falls porphyritic adamellite as
a "coarse granite ..... type with porphyritic crystals of pink orthoclase felspar and 
basic segregations" and later he described it as a "porphyritic granite (sphene 
bearing)" (Saint-Smith, 1914). The Stanthorpe adamellite was called "coarse
granite ..... tin bearing" in 1911, and in 1914 it was referred to as "coarse-grained
acid granite (the 'Stanthorpe Granite') (sometimes stanniferous)". The Ruby Creek 
granite in 1911 was described as "acid granite .... . fine-grained with a little
biotite ('the Sandy Granite') tin bearing", and in 1914 called "fine grained acid 
granite (the 'Sandy Granite') (tin, wolfram and molybdenite bearing)". 
Saint-Smith _ac�epted many of Andrews's interpretations of the relationships 
between the granites, but disagreements developed. Andrews ( 1905, p. 116) and 
Andrews et al. (19q7, p. 232) regarded the coarse even-grained granite (i.e. the
S!an_thorpe adamelhte) as being .younger than, and intrusive into, the sphene­
diOnte porphyry (i.e. the Underchffe Falls porphyritic adamellite) but Saint-Smith
believed that both types graded into each other. Thus in 1911 Saint-Smith wrote
(p. 89): 
The passage from th� normal coarse granite into the porphyritic variety is very 
gradual, and odd qmte unaltered large crystals of felspar, identical with those 
seen in the porphyritic portion are to be found for considerable distances into 
the normal rock. 
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In 1914 he was of a similar opinion but, in view of Andrews's convictions, he 
still distinguished both varieties of what was to him the same rock mass. He wrote 
(1914, p. 57): 
In view of the absolutely gradual change from one rock type to the other, as 
shown by the excellent outcrops exposed along the bed of Herding Yard Creek, 
the presence at times of microscopic sphene in the coarse acid granite, and also 
their frequent agreement in chemical composition, I formed the opinion in 1910 
that the porphyritic granite should be classed as simply an extreme variation of 
the "Stanthorpe" granite, a theory which I still hold. However, in view of the 
statements of Mr. Andrews that he has personally seen in certain New England 
districts evidence that it is a distinct rock intrusion, and also as in typical areas 
the two rock types are very strongly differentiated, the porphyritic granite has 
been mapped as a distinct granite intrusion. It is probable that these two rocks 
were nearly, if not actually contemporaneous. 
The pr�sent writer has shown that in this matter Andrews was correct (see p. 167 
and Plate II, Fig. 4). Confusion arose over the presence of the marginal phase to the 
porphyritic adamellite (mapped incorrectly by Saint-Smith (1911) as "Stan thorpe 
Granite"-see the area about 2.5 kilometres south-east of Bakers Hill). The 
marginal phase· does grade gradually into the porphyritic variety (Plate II, Figs. 
1 - 3) and is not unlike the Stanthorpe adamellite. In a description of the sphene­
diorite porphyry Andrews et a/. ( 1907, p. 207) noted that "along the molar contacts, 
the porphyritic stage is not so pronounced as in the more central portions", but 
apparently Saint-Smith did not recognize a marginal phase. Had he done so both 
points of view could have been reconciled. 
It is difficult to differentiate clearly in the previous literature the varieties of 
"coarse granite" that Andrews et a/. (1907) recognized. They give a specific refer­
ence (1907, p. 212) to a rock found at Wilsons Downfall noting that "the Wilson's 
Downfall mass preserves a marked orientation of long rectangular felspars" (c{. 
9167). Little more is said about this r_ock but it is described with "hornblendic, 
dioritic and other basic granites," and these are separated from "coarse acid 
granites" ( 1907, p. 218). 
One of Saint-Smith's first comments on coarse-grained granite in his paper of 
1911 (p. 84) is: "This rock varies considerably throughout the area, it being decidedly 
acidic in character at this spot,· but becoming gradually more basic when traced in a 
northerly direction . . . . . " There follows a description and analysis of a rock 
(No. 8127, see Table 2, Analysis 11 of this paper) which the presentwriter would call 
the Stanthorpe adamellite. 
Again Saint-Smith (1911, p. 87) stressed the more acidic nature of the coarse 
granite. In 1914 (p. 40) he made his point of view clearer: 
Speaking generally, the "Stanthorpe" Granite is characterized by a markedly 
pink colour due to the abundance of pink orthoclase felspar which is seen 
through the rock. This coloration does not, however, persist over the whole 
region examined, for at Wil[l]son's Downfall the rock has a preponderance of 
long white felspars having a marked orientation. So pronounced is the differ­
ence between these two varied types of the same rock-mass that Mr. Andrews 
holds the view that they are members of two distinct intrusives, but the writer, 
having an intimate knowledge of this rock over the whole area now dealt with, 
has no doubt whatever but that they represent merely variations due to local 
segregations in the original molten mass ..... 
Saint-Smith could not separate Andrews's "basic" and "acid" coarse granites, 
and in this matter the present writer agrees with Saint-Smith. Gradual changes in 
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mineral proportions, in chemical composition and in texture undoub�edly occur, 
but it is difficult to differentiate the various phases into mappable umts although 
different hand-specimens may be recognized. 
The mode of emplacement of the granites 
The preferred orientation of the xenoliths in the porphyritic adamellite .<Plate I) 
is believed to reflect a primary flow structure (cf Martin, 1953, p. 329). The Idea of a 
secondary origin is rejected because no other structural element cuts across the pre­
ferred orientation, either inside or outside of the xenoliths, and because recrystal­
lization is not a feature of the porphyritic adamellite; in particular, quartz is almost 
strain-free and does not have a polygonal form. Support for the idea that the �re­
ferred orientation is a primary platy flow structure comes from the followmg 
observations: (a) the inclusions cannot be traced along strike into similar country 
rock, (b) the orientation of the xenoliths gives rise to a simple structural picture 
which is unlikely to represent a relict structural geometry, (c) the homogeneity of 
the various types of the porphyritic adamellite over considerable areas is too 
constant to reflect relict sedimentary or igneous country rock compositions and 
(d) the volume distribution between the varieties can hardly bear any relationship to 
a relict country rock disposition. 
In considering the condition of the porphyritic adamellite during intrusion it 
should be noted that xenoliths which were obviously derived from different source 
rocks, for example, a folded layered xenolith and a basic massive xenolith, occur in 
JUxtaposition. Hence the intrusive rock must have been mobile enough to allow 
such xenoliths to come together, and it might be difficult for such an approach of 
inclusions to take place during solid state movement. Further there is an associa­
tion of xenolith swarms with abundant large K-feldspar crystals (Plate I, Fig. 4). 
Such an association may represent a crowding together of solid material present in 
the early stages of magma consolidation. The process envisaged entails a collecting 
of K-feldspars and xenoliths and a filtering off of the interstitial liquid (cf Wilson, 
1958, p. 64). It could be proposed that the K-feldspar is of metasomatic origin and 
that the feldspar aggregates are akin to replacement pegmatites (cf Barth, 1962, 
p. 356) but this idea is not favoured as it does not explain the associated con­
centration of xenoliths. 
Other factors of structural significance are that the contact of the marginal type 
and the volcanic hornfels is very sharp and that the marginal type becomes finer­
grained. Also the marginal type penetrates its wall rock in an intricate network 
suggesting that the intrusive rock was mobile. 
According to Wilson (1960, p. 46) features that indicate magmatic emplace­
ment include flow-banding, corroded xenoliths of country rock which are aligned 
parallel to a sharp transgressive contact and a decrease in grainsize of the intrusive 
rock close to its contact. The preferred orientation of the xenoliths would be of 
similar standing to Wilson's flow-banding, and, except for the corrosion of xeno­
liths, the other features are present. Therefore the general picture is that the Under­
cliffe Falls adamellite did not form at the present level of exposure but rose as 
inclusion-rich rock matter of low viscosity (probably a magma). It displaced up­
wards much of the pre-existing country rock and thermally metamorphosed any 
remaining wall rock. To facilitate emplacement original structures in the country 
rock, for example, the layering in the rhyolite, were used as approximate displace­
ment surfaces giving rise to a general concordance in structure (Fig. 2, 2.5 km south­
east of Bakers Hill). 
Gradual changes from the porphyritic phase to the marginal phase of the 
Undercliffe Falls mass and the similarity in xenolith type and orientation imply that 
the marginal and normal varieties were emplaced at the same time. The presence of 
a marginal phase at the north-western contact is significant when it is remembered 
that no such rock occurs at Undercliffe Falls. Also an intrusion breccia exists at the 
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north-western contact area in contrast to the contact at Undercliffe Falls where 
intermingling of intrusive rock and contact rock is restricted. Because of the 
brecciation in the area about 2.5 km south-east of Bakers Hill, the intrusive rock 
here would have come into contact with a considerably larger area of wall rock and 
hence it may have been more rapidly cooled. 
Thus an explanation for the finer grainsize and more even texture of the 
marginal type is that it is a chilled phase of the porphyritic adamellite. Such an 
explanation also implies that the K-feldspar phenocrysts in the porphyritic adamel­
lite were not intratelluric but formed at a higher level. The presence of large K­
feldspar crystals in the agmatite in Herding Yard Creek 1.5 km north-west of Liston 
also shows that K-feldspar can grow at relatively high levels. 
The lack of the marginal variety at Undercliffe Falls may be due to late move­
ment of the porphyritic adamellite which stripped away any marginal rock developed 
there. In contrast, at the other contact the dipping country rock, which presumably 
partially underlies the marginal phase near Bakers Hill, may have protected the 
marginal phase from any late upward movement of the main mass. The marginal 
type was also interlocked with the country rock as an intrusion breccia and this may 
have prevented it from being pulled away. Further the country rocks at Undercliffe 
Falls may have been heated to a relatively high temperature and hence did not cause 
any marked chilling. 
An investigation of some of the literature on porphyritic granites does not 
provide detailed information about even-grained marginal rocks. (Such marginal 
rocks do not appear to be present in the Bungulla mass which outcrops only a few 
miles to the south (Shaw, 1968) ). Reference can be made, however, to Brammall &
Harwood (1932, pp. 176 and 201}, Ghosh (1927, p. 288}, Thomas & Smith (1932, 
pp. 275-6), and Turner & Verhoogen (1960, pp. 338 and 343). Brammall & Harwood 
(1932, p. 277) have suggested that the non-porphyritic acid type at Dartmoor is the 
parent rock and that the porphyritic type results from hybridization. They infer, 
therefore, that the even-grained phase is the .. normal" rock while the bulk por­
phyritic phase is the .. abnormal" rock. Such an idea is discussed in an evaluation of 
the chemical data. 
Considering the basic xenoliths, attention is immediately drawn to localities 
such as Shap Fell (Grantham, 1928, pp. 320-327}, Jersey (Wells & Wooldridge, 1931, 
pp. 205-6), Tregastel-Ploumanac'h (Thomas & Smith, 1932, pp. 276-279, 285-292), 
and Gola (Whitten, 1957, pp. 279- 281). Wells & Wooldridge (1931) and Thomas &
Smith (1932) have shown that the xenoliths in the porphyritic granites described by 
them were derived from hybridized gabbroic rocks. 
Wilkinson eta/. (1964, p. 486) refer to inclusions in the Bungulla Porphyritic­
Adamellite, a rock very similar to the Underclifl"e Falls porphyritic adamellite, as 
.. large dioritic xenoliths". The present writer believes that such xenoliths could be 
derived from contact altered rocks of doleritic type such as occur in the agmatite in 
Herding Yard Creek near Liston. Although exposures here do not clearlv show the 
formation of xenoliths (cf Wells & Wooldridge, 1931, Figs 14, 15, and Thomas &
Smith, 1932, p. 280), intermediate steps in the formation of xenoliths at depth from 
rocks such as the altered dolerite phase of the agmatite are not difficult to visualize. 
Further there is a similarity in texture and mineralogy between the finer-grained 
basic rocks in the agmatite and some of the xenoliths. 
It is now proposed to discuss briefly the mode of emplacement of the younger 
granites. The local alignment of K-feldspar crystals in the Stanthorpe adamellite 
indicates that it moved into its present position. The preferred orientation is believed 
to be a platy flow structure developed during magma movement. Evidence for its 
primary origin is similar to that listed for the primary origin of the structure in the 
porphyritic adamellite (p. 179). The sharp contacts (Plate II, Fig. 4), which even 
break across phenocrysts in the porphyritic adamellite, the formation of intrusion 
breccias, and the dyke form of the Stanthorpe adamellite (e.g. at Herding Yard 
Creek, 6.5 km north-north-west of Liston) suggest that it was intruded as a magma. 
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No megascopic preferred orientation was recognized in the Ruby Creek granite. 
It has, however, a fine-grained margin suggesting that the mass was chilled, and its 
similarity to aplites suggests that it was a mobile rock. The apparent lack of "grain" 
may result from intrusion as a liquid in which no primary flow developed. It may be 
a sheet-like, flat-lying body that wedged itself into the Stanthorpe adamellite, but 
this is difficult to prove. 
The three granites discussed above outcrop near an area designated as 
"massive" granite by Joplin (1962, p. 59). The writer agrees with Joplin that the
rocks from around Liston stand in contrast to the "gneissic" and "foliated" types 
which she also recognizes, but it is noted here that the porphyritic adamellite is not 
completely "massive". 
To summarize, the systematic variation in the attitude of the preferred orienta­
tion towards parallelism with the nearest contract, and the discordance in detail 
between the preferred orientation in the porphyritic adamellite and that in the 
country rock suggest that the preferred orientation is related to forces existing at the 
time of the intrusion and crystallization of the batholith. A magmatic emplacement 
is also indicated by the brecciated and intrusive character of parts of the contact and 
by the contact metamorphism. 
Chemical relationships of the various plutonic masses 
In this discussion the Undercliffe Falls porphyritic adamellite is represented by 
its normal type (Table 2, Analysis 1), the Stanthorpe adamellite by Specimens 9167 
and 13132 (Table 2, Analyses 10 and 12), and the Ruby Creek granite by Specimen
9171 (Table 2, Analysis 15). A comparison of the analyses shows an increase in the
acidity of the major intrusions with inferred decreasing age so that the rocks from 
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FIG. 3.-Harker diagram il_lustrating the relationship of the Undercliffe Falls porphyritic adamellite 
(1 ), the Stan thorpe ad�melhte. (2 and 2a) a_nd the Ru?y Creek granite (3) to curves linking the average central bas�lt, an_de�Ite, dacite, rhyodacite, dellemte and rhyolite (Nockolds, 1954). Adamellite-
porphyntes (Wilkmson eta/., 1964) are shown as A, 8, C and D. (After Wilkinson eta/., 1964). 
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around Liston follow the usual basic to acid trend as noted by Andrews et a/. 
(1907, p. 229, also para. (4), p. 231). 
The analyses may be plotted on a Harker diagram (Fig. 3) similar to the one 
used by Wilkinson eta/. ( 1964, p. 485). Certain adamellite-porphyrites from the New 
England Batholith, their groundmasses and a recalculated biotite diorite fraction 
plot close to trends often ascribed to crystal fractionation. Wilkinson et a!. (1964) 
do not stress such a relationship, however, but regard tpe adamellite-porphyrite as a 
hybrid. A similar cautionary note, in a slightly different context, was made by 
Taylor & Gamba (1933, pp. 371-372) and Thomas & Smith (1932, pp. 229-233). 
For the three principal granites described in this paper, Al203, FeO, CaO and MgO 
fall near the curves. (However, the curves for these last two oxides in the higher 
silica region are practically straight lines). The alkalis, except for the Wilsons 
Downfall sample of the Stanthorpe adamellite, fall far from their corresponding 
curves. Hence the idea that the three masses may be related by crystal fractionation 
is questionable. Further, because of the variety in crystal fractionation trends, the 
generalized curves may have little meaning and not much significance is placed on 
the relationships noted above. 
Of more importance in this regard are the volume relations of the masses. 
Crystal fractionation requires that a basic parent magma differentiates to give a 
reducing volume of intermediate and acid rocks. Using areal outcrop (see Saint­
Smith, 1914, map 2) as an approximation to volume it is apparent that the relative 
proportions of the various masses are of the wrong order to allow crystal fractiona­
tion to be a major process in the genesis of the rocks. The acidic Ruby Creek granite 
is too large. 
CaO 
Weight, pt�-,.cent. 
MgO +J:"eO (tot,ai)+MnO 
FIG. 4.-Ternary diagram showing the positions of the Undercliffe Falls porphyritic adamellite (I), the 
Stanthorpe adamellite (2 and 2a) and the Ruby Creek granite (3) with respect to trends of the Cooma 
Gneiss (1), the Murrumbidgee (II) and the Hartley (III) types of Vallance (1968). 
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A plot on a ternary diagram (Fig. 4) using the components (CaO: Na20 + K20: 
MgO + FeO (total) + MnO), shows that points representing the three rocks may be 
linked by a line of low curvature. A stand for or against differentiation cannot be 
made on this basis, but near straight line trends suggest a mixing of rock types. 
Such a ternary diagram was used by Vallance (1968) in his discussion of the chemical 
relationships of the plutonic rocks of New South Wales outside the New Engla�d 
Batholith. He could distinguish three main types, calling them the Cooma Gnetss 
type (1), the Murrumbidgee type (II), and the Hartley type (III) (Fig. 4). The three 
granites from around Liston plot close to the Murrumbidgee and Hartley trends. 
Vallance considers the Cooma Gneiss type to represent magma generated in the 
crust while the other two reflect the products of hybridization between crustal and 
mantle rocks with differentiation probably giving rise to. the high Na20 + K20 
granites. Following this approach it should be profitable to consider the effects of 
hybridization in the formation of the granites from around Liston. 
Attention is directed especially to the Undercliffe Falls adamellite. Its numerous 
basic xenoliths (Plate I) and the reaction at some of its contacts indicate that there 
was opportunity for hybridization to occur. The development of mixed rocks at the 
agmatite area in Herding Yard Creek could represent small-scale, high-level ex­
amples of reactions that took place on a larger scale at depth. Support for a hybrid­
ization hypothesis can be gained from the papers of Grantham ( 1929), Wells & 
Wooldridge (1931), Nockolds (1931, 1932, 1934), Thomas & Smith (1932), Bram­
mall & Harwood (1932, pp. 202, 225-6), Taylor & Gamba (1933), Joplin (1944, 
1959, 1964) and Vernon (1961). Of the various granites discussed in these papers the 
Tregastel-Ploumanac'h (Thomas & Smith, 1932) and the Ronez, Jersey (Wells & 
Wooldridge, 1931) masses are most like the Undercliffe Falls mass. 
The problem in postulating a hybrid origin is to discover the nature of the 
parent rocks. It is possible that they are not exposed in the area, but since reason­
able rocks for consideration do occur they have been used. Two end members only 
are considered and it is supposed that an older essentially solid basic rock reacted 
with a younger acidic magma. Field evidence at the Herding Yard Creek agmatite 
area indicates that the basic rock there once reacted with younger granite, so it is 
possible that such a rock was the basic end member. The metadolerite from here 
may have been slightly modified (see alkalis, Table 1, Analysis 5) but this will not 
cause any gross miscalculations. 
Three major acidic rocks capable of taking part in the reaction outcrop in the 
area. They are the Ruby Creek granite (Table 2, Analysis 15), the Stanthorpe 
adamellite (Table 2, Analyses 10 and 12) and the marginal phase of the Undercliffe 
Falls mass (Table 2, Analysis 8) and the problem is to discover which of these best 
fit the requirements of the acid parent. A straight-line variation diagram linking the 
major oxides of the metadolerite to the corresponding oxides of the porphyritic 
adamellite was drawn. The lines were extended to the high silica end and the oxides 
corresponding to the known silica percentages of the four analysed acid rocks were 
noted. Comparisons were made with the actual oxide percentages known from the 
chemical analyses (Table 6). In another set of calculations each granitic rock was in 
turn made the acid end member and a theoretical composition for the porphyritic 
adamellite was found (Table 7). 
The Stanthorpe adamellite (9167) from Wilsons Downfall is in closest agree­
ment with its corresponding theoretical rock composition (Table 6), and it also 
gives rise to the rock closest in composition to the porphyritic adamellite (Table 7). 
For certain oxides, calculations based on the more acidic sample of the Stanthorpe 
adamellite ( 13132) are remarkably close to the values obtained by analysis. It is of 
interest to note that the Stanthorpe adamellite is the rock intruded next after the 
porphyritic adamellite. A mixture of 13.4% metadolerite and 86.6% Stanthorpe 
adamellite (Wilsons Downfall sample) is required to produce the theoretical 
porphyritic adamellite and this is an acceptable ratio. The writer does not insist that 
the Stanthorpe adamellite is the acid end member but it is a reasonable choice. In 
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fact the Ruby Creek granite seemed initially be the more likely parent because it is 
the least contaminated granite (on field appearance), but its chemistry is less in 
accord with the model proposed here. The Stanthorpe adamellite may itself be the 
product of mild hybridization but any further calculations are too speculative; also 
its low xenolith content does not prompt any more calculations along the lines fol­
lowed above. The question remains whether an acid magma of the composition of 
the Stanthorpe adamellite would carry enough heat to permit assimilation. It is 
possible that heat was fed into the system as the reaction proceeded. The whole 
process could be regarded as an extension of "crustal" melting and an uprise of 
magma through some basic country rock. 
The other basic rock that could have been used for his discussion is the xenolith 
of 9173 (Table 2, Analysis 9). This is chemically similar to a diorite (Table 1, 
Analysis 8) and a biotite diorite was postulated by Wilkinson eta/. (1964, Table 6, 
Analysis 10) as the basic parent for their adamellite-porphyrite. However, the 
xenoliths of the Undercliffe Falls adamellite were rejected because they had 
obviously undergone chemical modification (note high K20, Table 2, Analysis 9), 
and further this was probably selective modification. The presence of large K­
feldspar crystals in some xenoliths confirms this (Plate 1). Hence they could not 
accurately reflect the composition of an original parent (see also N ockolds, 1931, 
p. 505).
The Ruby Creek granite is a highly silicic xenolith-free rock which has norm­
ative Ab + Or + Q = 93. It is thus suitable for correlation with experimental data 
obtained for the synthetic system NaA1Si308• KA1Si308• Si02• H20 (Tuttle & 
Bowen, 1958; Luth, Jahns & Tuttle, 1964; von Platen, 1965). Following Tuttle & 
Bowen's classification (1958, p. 129) it is a subsolvus granite. In order to make the 
comparison with Tuttle & Bowen's work An is omitted from consideration, and in 
view of other work (Yoder, Stewart & Smith, 1957; Orville, 1957, 1960; Kleeman, 
1965; von Platen, 1965) this is not an entirely satisfactory procedure. 
Two feldspars co-exist in the Ruby Creek mass and the composition of the 
plagioclase is An9_12• If the K-feldspar is assumed to be Or7s-ss, then the tie-line 
between the two co-existing phases in the ternary system Or-Ab-An would lie at a 
low angle to the Ab-Or sideline. This could indicate a subsolvus crystallization 
brought about by intersection of the liquidus and solvus on the two feldspar sideline 
(cf Yoder, Stewart & Smith, 1957). Thus two feldspars could crystallize initially 
rather than one feldspar as is envisaged by Tuttle & Bowen (1958). 
Using other data, high pressures (Luth eta/., 1964), or the introduction of An 
(von Platen, 1965), allow three primary phases to develop. Kleeman (1965) and von 
Platen (1965) show that two feldspars may crystallize together, a view previously 
held by the writer (Phillips, 1964, p. 54). Kleeman notes (1965, p. 40) that an 
Or-Ab-Q plot can be misleading. Despite these problems it is possible to relate the 
Ruby Creek granite to the An-free experimental work. 3 Figure 5 shows that the plot 
for the Ruby Creek mass (Triangle 1) falls on the minimum for the 500 kgjcm2 
quartz-alkali-feldspar field boundary, suggesting crystallization near this low 
pressure. 
Tuttle & Bowen (1958) compare the position of the minima with the normative 
compositions of granites (see their fig. 38, p. 75). They say that the compositional 
variations of the analysed rocks containing 80 per cent or more Ab + Or + Q are 
so closely related to the thermal valley on the liquidus surface in their system that 
there can be little doubt that crystal-liquid equilibria are involved in the origin of 
the bulk of such granites. Discussing the same data Read & Watson (1962, p. 582) 
note that natural granites may represent the most easily melted fraction which could 
be derived on heating from crustal rocks of varied composition. The fact that the 
Ruby Creek granite is so close in its composition to one of the minima is taken as 
3 Tuttle & Bowen (1958, p. 81) relate granite such as the Westerly mass to their system, and this has 
normative An = 7.38. 
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FIG. 5.-Compositions of the Ruby Creek granite (1), the marginal type of the Undercliff<: 
Falls porphyritic adamellite (2) and the Stanthorpe adamellite (3 and 3a), plotted in terms of Ab. Or 
and Q. (The open triangles represent the recalculated acidic groundmass of Wilkinson et a/. ( 1964 ). The 
pluses show the .minima for 500, 1 ,000, 2,000 and 3,000 bars P H,o, the full circles represent eutectic pomts for 5,000 and 10,000 bars PH,o· (After Luth, Jahns & Tuttle, 1964).
a point in favour of its having been derived from a melt. Wilkinson et al. (1964) 
have proposed that a liquid of similar composition (Fig. 5) was the acid parent of 
their adamellite-porphyrite, lending support to the idea that such a magma existed 
in the batholith. 
Later work by Luth et al. (1964) has shown that increased pressure from 4 to 
10 kb PH,o introduced three primary phase fields with a boundary curve separating 
the two fields of feldspar (Fig. 5). They showed that the isobaric minima become 
eutectic points and tend to approach the Ab corner reducing the fields of Ab and 
Or and increasing the Q field. Since the Ruby Creek granite plots close to the low­
pressure (500 bars) isobaric minima little can be gained by relating the granite to 
their data. 
The writer is not in favour of the continued use of an An-free system for com­
parisons with natural granites, hence the work of von Platen ( 1965) is pertinent to 
this discussion. A final decision in this regard, however, must be delayed until the 
system with An can be investigated at lower pressures. Von Platen shows that at a 
constant 2 kb P H,o 1, the Q field is reduced and the Ab field is enlarged with a 
decreasing Ab/ An ratio (Fig. 6). The eutectic points fall near the Q-Or sideline in 
roughly the opposite sense from that found for the isobaric minima with increasing 
pressure (Fig. 5). There is also an increase in the Or content of the eutectics, bringing 
them into the field that was occupied by Q in the An-free diagram. Thus the low­
temperature trough, previously widened by the data of Luth et al. (1964, p. 766), is 
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widened .even further and the chances for the primary crystallization of plagioclase 
are also mcreased. 
Von �Iaten finds that the order and temperature of crystallization of granite 
melts are. mfluenced by the normative proportion of Ab/ An and by the composition 
of the flmd phase. He says that the near euteptic composition of granites indicates a 
magmatic origin, a conclusion reached previously by Tuttle & Bowen (1958). The 
Rt�by Creek granite (Ab/An = 11.7) falls close to a eutectic in von Platen's diagram 
(Fig. 6) (although m the wrong field) suggesting a magmatic derivation. The 
discrepancy in the plot may be adjusted by correlation with synthetic systems 
developed at lower pressures. 
a. 
Weight. pe,.cent;, Or 
FIG. 6.-The composition of the Ruby Creek granite plotted in terms of Ab. Or, and Q. The PH,o is 
constant at 2,000 bars, and the position of the eutectic for vari�us Ab/An ratio changes as shown. (After 
von Platen, 1965). · 
The norms of other major granites from the area, apart from the acidic phase 
of the Stanthorpe adamellite (13132), have totals less than 80 for Ab + Or + Q 
and should not strictly be compared with the synthetic system. The norm of Wilsons 
Downfall sample of the Stanthorpe adamellite has a total of 78.46 and plots at 
position 3 (Fig. 5), close to the high pressure minimum of Tuttle & Bowen ,(1958). 
The more acidic sample 13132 (Ab + Or + Q = 90. 8) plots nearby (point 3a). 
Hence the proposed acid parent in the hybridizatidn process may have been derived 
from crustal melting followed by consolidation at higher pressures. The 'position of 
the marginal phase (Ab + Or + Q = 83.58) is shown as 2 in Figure 5 and the rock 
is discussed below. 
In summary, it is suggested that the porphyritic adamellite is the product of 
reaction between dolerite (or an equivalent rock) and a magma close to the Stan-
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thorpe adamellite in composition, that crystal fractionation did not play a significant 
role in the development of the granites, and that the Ruby Creek granite (and also 
probably the Stanthorpe adamellite) formed by the crystallization of a liquid which, 
in the absence of sufficient quantities of a basic parent, developed through crustal 
anatexis. 
Chemical and mineralogical relationships between the 
varieties making up the Undercliffe Falls porphyritic adamellite 
Five analyses of granitic rocks within this mass were obtained (Table 2, 
Analyses 1, 2, 6, 7 and 8) and one analysis of a basic xenolith from the normal type 
may be included with these (Table 2, Analysis 9). Analysis 2, Table 2 has low K20 
and has not been used in this discussion. Features noted from a comparative study 
of the analyses (and modes) include: (a) The Ti02 content of the white-phenocryst 
type is high. (b) There is a contrast between the Al203 content of the intermediate 
marginal type and the marinal type-two rocks closely related in the field. (c) The 
white-phenocryst type is richer in FeO than Fe203, contrasting with the relationships 
of these oxides in the normal type. (d) There is an even increase in the amount of 
CaO (and normative An) from the marginal to the white-phenocryst type. (e) The 
colour index rises from the marginal type through the normal type to the white­
phenocryst type. 
Harker and Larsen linear diagrams do not indicate any clear relationships 
between the rock compositions. However the ternary diagram (CaO: K20: MgO 
' 
CaO 
,•4 
·
-
-
-
-
.... ·� 
_.,. ....... .2 
MgO + FeO (t..ot.,al) + MnO Weight;, pe,.ec.nt., 
FIG. 7.-The m�rginal type (1), intermediate marginal type (2), normal type (3) and white-phenocryst 
type (4) plotted m terms of (CaO: K20 + Na20: M 0 + FeO (total) + MnO). A smooth curve links 
the four rocks. 
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+ FeO [total] + MnO) brings out a curved trend (Fig. 7) which may indicate 
differentiation from the basic white phenocryst type (Point 4) through the normal 
and intermediate marginal type (Points 3 and 2) to the acidic marginal type (Point 
l ). Even though the bulk composition of the porphyritic adamellite may be 
attributed to hybridization, there may have been .. internal" differentiation which 
produced minor varieties (cf Joplin (1964, pp. 187-188) and Brammall & Harwood 
(1932, pp. 201, 208) ). The marginal type occurs in small enough volume (on the 
present outcrop pattern) to make fractional crystallization not unreasonable, but 
the white-phenocryst type occurs in much smaller volume than the normal type and 
its position in a differentiation sequence is questionable. 
In its chemistry (and mineralogy) the white-phenocryst type is a somewhat 
unusual rock for its regional setting. It is a granodiorite rather than an adamellite 
and its silica content is one of the lowest for the .. granites" of the batholith. Com­
parable rocks are difficult to find but the average hypersthene-bearing granodiorite 
ofNockolds (1954) is chemically similar. Other features are the relatively high Ti02 
but low sphene content, the high Al203 (probably due to the presence of more 
calcic plagioclase), the high ratio of FeO to Fe203, the high CaO reflecting a more 
calcic plagioclase, the Na20: K20 relationship, and the high P205 due probably to 
a substantial apatite content. 
As mentioned above, the main objection to the white-phenocryst type being 
part of a differentiation series lies in its apparent small volume. It does not occur in 
the Bungulla mass to the south (S.E. Shaw, pers. comm.) so that it may be of local 
origin. The presence of basic xenoliths and probable plagioclase xenocrysts, and its 
overall basic nature suggest that it is the product of hybridization. The pyroxene in 
the white-phenocryst type is exclusive to this rock and it may be xenolith-derived. 
This is not considered to be likely, however, because: (a) xenocrystal pyroxene, 
presumably derived from a gabbro, is unlikely to survive in a plutonic rock of this 
nature (pyroxene hardly exists in the basic hornfelses, so it is unlikely to survive 
distribution through a magma), (b) some of the pyroxene is euhedral (cf Plate III, 
Fig. 3) and it is unlikely that such crystals were released from a pre-existing plutonic 
basic rock, (c) any pyroxene in associated xenoliths is much smaller in size than the 
pyroxene of the plutonic rock, and (d) sub-ophitic intergrowths between pyroxene, 
plagioclase and K-feldspar occur locally suggesting primary crystallization (Plate 
III, Fig. 3). 
It is possible that the white-phenocryst type formed by the assimilation of a 
greater amount of basic rock than was needed to form the normal type. This could 
be accomplished under different temperature-pressure conditions brought about by 
the spatial position of the rock. Higher temperatures restricted to a specific region 
can explain the development of such a rock, and within a large magma chamber 
such conditions may be realized. If the white-phenocryst type were simply the 
product of the addition of more basic material it would be found as a zone around 
individual xenoliths and would pass gradually out into the normal phase. This is 
not the case, however, so that it appears to be the product of a localized set of 
temperature-pressure conditions. Prior to disruption by later granites, the white 
phenocryst variety may have been situated roughly centrally within the porphyritic 
adamellite. Insulation could then be provided by the tremendous volume of rock 
matter which eventually formed the normal phase. If the higher temperature is 
assumed then it is possible for: (a) primary pyroxene to crystallize (and this would 
have more chance of survival than xenocrystal pyroxene), (b) the pyroxene to be 
partially rimmed by brown hornblende as part of a discontinuous reaction series, 
(c) more calcic plagioclase to form, and (d) Ti to be placed in biotite rather than in 
sphene (and for a distinctive type of biotite to form). 
The marginal phase of the Undercliffe Falls mass is a felsic, acidic rock but its 
Si02 content is not particularly high being only some 3 per cent above the norm�l 
phase and 8 per cent lower than the acidic Ruby Creek mass; normative quartz 1s 
lower than that of the normal phase. A low mafic content is reflected in the low 
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percentages of Fe203, FeO, MnO and MgO. The relatively high Al203 gives rise to 
corundum in the norm and the relatively low CaO prevents the appearance of 
diopside. One of the closest comparisons is with Nockolds's average calc-alkali 
biotite-hornblende granite (1954, table 8). 
In terms of the normative Ab, Or and Q content the rock does not plot close 
to the minima determined by Tuttle & Bowen (1958) or Luth eta/. (1964) (Fig. 5, 
Triangle 2). Turner & Verhoogen (1960, p. 345) and Joplin (1964, p. 193) note, 
however, that minor syenitic rocks may be associates of granites and Joplin suggests 
that such calc-alkaline rocks are differentiates of a granite magma. The marginal 
type, while hardly a quartz-syenite, approaches this kind of rock in composition (for 
the hand-specimen appearance see Plate II, Fig. 3). It is possible that a mass as 
large as the Undercliffe Falls adamellite might differentiate upwards to a lighter 
acidic phase. Some of this could then be forced to the margins in the latter stages of 
intrusion.when the main mass forced its way higher and thrust its differentiate aside. 
In this manner the felsic rock would come into contact with the country rock and be 
chilled. 
The marginal phase could also be a chilled sample of the original granitie 
magma before reaction with basic material (cf Brammall & Harwood, 1932, pp. 
178, 201, 228). Such a suggestion is commonly made for the chilled margins of basic 
bodies. It seems unlikely, however, that the acid parent of a hybrid would be in­
truded to a high level together with the hybrid itself. Rather it would appear later 
in an intrusion sequence. 
Another theory is that the marginal type is the product of reaction with the 
acidic country rock located along its length (Table 1, Analysis 1). The composition 
of the acid hornfels might be expected, however, to increase the silica content of the 
marginal type rather more than its analysis shows. Also the assimilation would be 
at a relatively high level and it is doubtful whether the intrusive rock would have 
enough energy to accomplish large-scale digestion of wall rock. Further an examina­
tion of the contact zone indicates an intricate mechanical penetration of the hornfels 
but it shows little sign of reaction between the rocks. Junctions are sharp and clear 
and hybrids have not been recognized, although the similarity between intrusive 
rock and intruded rock would make a recognition of hybridization rather difficult. 
However, a point in favour of this theory is the regional picture of the felsic marginal 
phase against acidic wall rock near Bakers Hill and its absence near Undercliffe 
Falls where rhyolite hornfelses are not found. 
l:p. summary, the white-phenocryst type is probably a high-temperature phase 
which assimilated (essentially chemically) more basic material than the normal 
phase, and the marginal type appears to be a differentiate of the normal type, its 
composition having possibly been modified by limited reaction with acidic wall 
rock. 
The mineralogy of the porphyritic adamellite 
The Feldspars 
The similarity between the composition of K-feldspar phenocrysts in a host 
plutonic rock and K-feldspar crystals in enclosed xenoliths and adjacent wall rock 
has been noted many times (e.g. Spencer, 1938, p. 112; Stewart, 1959, p. 295; 
Read, 1957). The feldspars from the Undercliffe Falls mass are no exception (Table 
3, Analyses 1-5), adjacent crystals from host and xenolith environments being 
similar (Table 3, Analyses 3, 4). There has been much confusion in attempts to 
explain such phenomena, but lately their petrogenetic significance has been relegated 
to a minor position in the overall problem of granite genesis (cf Read, 1957, 
p. xvii). It does not appear necessary to stress that K-feldspar phenocrysts in the
host adamellite grew in a magma whereas the large K-feldspars in a xenolith pre­
sumably grew in the solid state. Rather it seems that K-feldspar simply developed in 
certain granites as large crystals apparently independently of the host medium. 
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FIG. 8.-A plot of chemically analysed pairs of co-existing feldspars recorded in the literature. (After 
Yoder, Stewart & Smith, 1957). 
I. Orthoclase microperthite from the normal porphyritic adamellite (Rock 9166, Table 3, Analysis 1). 
2. Plagioclase from the same rock (Table 3, Analysis 9). 
Since both the analysed K-feldspar and the analysed plagioclase (Table 3, 
Analysis 9) in rock 9166 are in close association (about 5-8 em apart), they may be 
treated as co-existing minerals. Assuming that they were in, or were close to, a state 
of equilibrium, the k-ratio of Barth (1956) (see, however, Winkler, 1961) may be 
used to obtain the approximate temperature at which equilibrium was established. 
The k-ratio is expressed as: 
Mol. fraction of Ab in alkali-feldspar 
Mol. fraction of Ab in plagioclase 
For the two feldspars k = 0.33 and using Barth's data (see also Winkler, 1961, 
Fig. 1) the "temperature of crystallization" is about 600° C. 
The position of both feldspars on an An-Ab-Or ternary diagram are given as I 
and 2 in Figure 8. Yoder eta/. (1957, p. 213) say that tie-lines make a smaller angle 
to the Or-An side for coexisting feldspars which form at high temperatures and low 
pressures. The two tie-lines that do this in Figure 8 are from plots of phenocrysts 
from surface flows. The tie-line for feldspars from the porphyritic adamellite is 
comparable to those from rocks formed at higher pressures (P H,o = ca 5000 bars). 
These tie-lines predominate in Fig. 8. Hence it appears that the porphyritic adamel­
lite formed at a level where pressures and the Ca content were high enough to 
cause the primary crystallization of two feldspars. 
The Biotites 
Both analyses of biotite are low in Al203 (Table 4, Analyses 1. 2). The reason 
for this is not clear, but the relatively high Ti02 content may be one cause. 
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Since the biotites are closely associated with hornblende it may be assumed that 
both minerals formed in the same environment. A comparison of certain oxide 
ratios and ionic distributions with those given by Nockolds (1947) for ?i<?tite 
associated with hornblende are given in Table 8. Some of these figures are similar, 
but differences include the presence of comparatively large amounts of. Ti i� t�e tetrahedral site and the low AI content. These are features comparable with biotite 
associated with pyroxene and/or olivine (Table 8). Certainly clinopyroxene is 
present in specimen 9170 (the white-phenocryst type). 
Wilkinson et al. (1964) had the biotite of an adamellite-porphyrite from New 
England analysed primarily to ascertain whether it was precipitated with hornblende 
in a diorite or whether it is genetically related to the acid quartzofeldspathic ground­
mass of the porphyrite. The present writer is interested in their discussion because 
they later imply (p. 486) a similarity between the biotite of their adamellite­
porphyrite and the biotite of the Bungulla Porph�ritic-Adamellite. They found itunlikely that a groundmass liquid with low Mg/Fe + ratio, that is, the groundmass 
of the adamellite-porphyrite, would precipitate biotite possessing the chemistry of 
that of the adamellite-porphyrite (Table 6), and they suggest that the biotite is 
xenocrystal. The present writer believes that the composition of any biotite need 
not show a close relationship to the groundmass of the porphyritic rock in which 
it is found. The groundmass only partly represents the rock, hence the conclusion 
reached by Wilkinson et al. (1964) concerning their biotite may not be valid. 
There appears to be little in the chemistry of the biotites that argues against 
their crystallization from an adamellite liquid. Using the diagram given by Deer, 
Howie & Zussman (1962b, p. 80), the biotite from the white-phenocryst type plots 
between the granite and diorite fields, while the biotite from the normal type plots 
near the diorite field. In a ternary (MgO: Fe203 + Ti02: FeO + MnO) diagram modified from Heinrich (1946) both biotites fall into granite-granodiorite field close 
to the diorite field. In a ternary relationship devised by Foster (1960), that is, 
(Mg2+: (Fe2+ + Mn2+): (octahedral AP+ + FeH + Ti4+) ), the biotite from the 
normal type falls just outside the granite field and the biotite from the white­
phenocryst type plots on the boundary. Foster (1960) says that biotites from 
different kinds of rocks cannot be clearly distinguished by their composition. Thus 
there is little reason to doubt that the present biotites were formed in hornblende­
bearing adamellites and they need not be of xenocrystal derivation. Biotite locally 
moulds around other minerals in the rocks investigated here and it also partly 
replaces hornblende. These textures support the idea of formation within an 
adamellite rather than outside it. 
The two different varieties of biotite are believed to have formed because of 
differences in the temperature of formation of the two rocks, the white-phenocryst 
type (9170) having crystallized at higher temperatures. The higher Fe2+: Mg ratio in 
the biotite from 9170, a more basic rock than the normal type (9166), is puzzling. 
It may be due to the formation of pyroxene in 9170. The pyroxene may have 
abstracted a relatively larger amount of Mg then Fe and this in turn caused the 
biotite (presumably formed at a later stage) to be relatively enriched in Fe. 
Hornblende 
The amphibole of the porphyritic adamellite (Table 4, Analysis 7) is a common 
hornblende and Ca is approximately 2.0 atonis. Plotted on a basis of either 
(Na + K) or ([Al]6 + Fe3+ + Ti) atoms against [Ait, it falls near a line between the 
tremolite and pargasite end members (Deer et al., 1963a). The Mg-Fe ratio (100 Mg: 
Mg + Fe2+ + FeH + Mn) is 65.0 and it is comparable to these ratios in common 
hornblendes from intermediate calc-alkali rocks (Table 4, Analyses 8, 9). There are 
some differences between this hornblende and those from the adamellite-porphyrite 
of the batholith (Wilkinson et al., 1964, Table 4; Analysis 9 of this paper). The most 
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FIG. 9.-A plot showing the distribution of Ti02 (weight percent) between the co-existing mineral phases 
sphene, hornblende and biotite. The line shows the proportion ofTi02 between the biotite and hornblende. 
obvious contrast is in the Mg-Fe ratio. Wilkinson et a/. (1964, p. 486) may have 
evidence which shows that the amphibole from the Bungulla mass is similar to that 
from their adamellite-porphyrite (and hence is xenocrystaJ), but the present writer 
has no evidence suggesting that his hornblendes are xenocrysts. 
Sphene 
Sphene analyses from adamellites are rare (e.g. Deer et a/., 1962a) and com­
parisons are difficult to make. In general, however, the H20 (and F) content of the 
sphene in the porphyritic adamellite (Table 5, Analysis 1) is low while the rare 
earths are relatively high. The Ti02• content is about midway between the extremes 
given in Deer eta/. (1962a). The .Ca site has a high number of ions and this may be 
due to the high rare earth content. 
R. Kretz (pers. comm.) suggested that a ternary diagram showing the dis­
tribution of Ti02 between the three principal co-existing mafic minerals (sphene­
biotite-hornblende) may be of use as an empirical gauge for determining the tem­
perature of equilibrium. Figure 9 shows the position of the triple point and the line 
indicates the ratio of the distribution of Ti02 between co-exisling hornblende and 
biotite. If there are significant changes in the Ti02 content of hornblende and 
biotite with different formation temperatures, the position of the line may change 
significantly with these temperatures. The present situation may be correlated with 
the equilibrium temperature estimated from the co-existing feldspar data, that is, 
600° C. With more data significant trends may be obtained. 
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Pyroxene 
The clinopyroxene in the white-phenocryst type has a composition similar to 
that from the adamellite-porphyrite of Wilkinson eta/. (1964). The partial alteration 
to an amphibole is notable but this can hardly prove or disprove a xenocrystal 
origin. Certainly the pyroxene has not been eliminated as has been proposed by the 
above authors (p. 486). There is little to suggest that it did not form as a primary 
crystallization product. 
THE AGE OF THE PLUTONIC ROCKS 
The Undercliffe Falls adamellite intrudes Permian country rock. This is seen at 
Undercliffe Falls and in the contact area south-east of Bakers Hill. The Stan thorpe 
and Ruby Creek masses are younger than the Undercliffe Falls adamellite. North­
east of the area mapped the granites of the batholith are overlain by sediments of 
Jurassic-Triassic age. 
Absolute age determinations were carried out by Evernden & Richards (1962) 
on a sample of the Undercliffe Falls porphyritic adamellite from the Wylie Creek 
crossing of the Liston-Rivertree road. Using the potassium-argon dating method for 
biotite (GA224B, p. 37) they obtained an age of 225 m.y.; for hornblende (GA224H) 
from the same rock their result was 221 m.y. Thus a Permian-Triassic age for this 
mass is indicated. Dr. A. Webb of the Geochronology section in the Department of 
Geophysics and Geochemistry, Australian National University, kindly determined 
the age of the biotite in the Ruby Creek granite as 225 m.y. The similarity to the 
results of Evernden & Richards (1962) suggests that the time interval between 
successive granite intrusions is not great. 
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PLUTONIC ROCKS FROM THE NEW ENGLAND BATHOLITH 
TABLE 1 
197 
Chemical analyses and CIPW norms of two of the country rocks together with chemically 
comparable rocks 
1* 
Si02 72.52 
Ti02 0.37 
Al203 14.27 
Fei?' 0.94 
Fe 1.58 
MnO 0.07 
MgO 0.17 
CaO 1.18 
Na20 4.60 
K20 4.08 
H20+ 0.25 
H20- nil 
P20s 0.19 
C02 n.d. 
100.22 
Q 27.15 
or 24.11 
ab 38.93 
an 4.61 
c 0.60 
(wo -
di (en -
(fs -
hy (en 0.42 
(of 1.65 
ol (fo -
(fa -
mt 1.36 
il 0.70 
ap 0.44 
H20 0.25 
100.22 
* Indicates a new analysis. 
** Includes BaO = 0.04. 
2 3 
73.68 73.66 
0.16 0.22 
15.06 13.45 
0.68 1.25 
0.54 0.75 
0.07 0.03 
0.26 0.32 
0.54 1.13 
3.36 2.99 
5.45 5.35 
0.28 0.78 
0.18 -
0.11 0.07 
0.01 -
100.42** 100.00 
31.91 33.2 
32.29 31.7 
28.32 25.1 
1.95 5.0 
2.96 0.9 
- -
- 0.8 
- -
0.60 -
0.40 -
- -
-
-
0.93 1.9 
0.30 0.5 
0.34 0.2 
0.46 0.8 
100.46 100.1 
4 5* 6 7 8 
70.15 46.78 48.94 48.36 51.86 
0.42 2.88 1.56 1.32 I. 50 
14.41 15.43 14.59 16.84 16.40 
1.68 2.70 2.59 2.55 2.73 
1.55 9.58 9.82 7.92 6.97 
0.06 0.22 0.22 0.18 0.18 
0.63 6.79 6.31 8.06 6.12 
2.15 9.13 9.65 11.07 8.40 
3.65 2.72 2.88 2.26 3.36 
4.50 1.21 1.48 0.56 1.33 
0.68 2.20 1.28 0.64 0.80 
- 0.13 0.17 - -
0.12 0.40 0.36 0.24 0.35 
- n.d. n.d. - -
100.00 100.17 99.85 100.00 100.00 
26.1 - - - 0.3 
26.7 7.15 8.91 3.3 7.8 
30.9 23.02 24.65 18.9 28.3 
9.5 26.32 22.26 34.2 25.8 
-
- - - -
0.2 6.83 9.53 8.0 5.6 
1.6 3.95 4.92 14.0 15.3 
0.8 2.57 4.35 7.4 8.5 
- 4.66 2.71 - -
- 3.34 2.37 - -
- 5.81 5.63 4.3 -
- 4.18 5.50 2.5 -
2.5 3.91 3.70 3.7 3.9 
0.8 5.47 3.03 2.4 2.9 
0.3 0.93 I. 01 0.6 0.8 
0.7 2.33 1.45 0.6 0.8 
100.1 100.17 100.02 99.9 100.0 
I. Specimen 12626. Rhyolite from about 1.3 km south-east of Bakers Hill. The rock is not unlike a 
dellenite (Analysis 4) but the commoner name rhyolite is used here. Analysts, Avery & Anderson. 
2. Porphyritic microgranite from 3 km east of Tenterfield. (Andrews et a!., 1907, p. 200). Analyst , 
J. C. H. Mingaye. 
3. Average calc-alkali rhyolite + rhyolite-obsidian (Nockolds, 1954, table I, II). 
4. Average dellenite + dellenite-obsidian (Nockolds, 1954, table 2, II).
5. Specimen 9172. Metadolerite , Herding Yard Creek , about 1.5 km north-north-east of Liston, N.S.W. 
Analysts, Avery & Anderson. 
6. Metadolerite , Duchess, Qd. (Joplin, 1963, NIC7).
7. Average gabbro. (Nockolds, 1954, table 7, 1).
8. Average diorite. (Nockolds, 1954, table 6, 1).
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TABLE 5 
Chemical analyses and ionic numbers of sphene from the Undercliffe Falls porphyritic 
adamellite and chemically comparable sphenes 
1* 2 3 
Si02 29.51 29.32 28.45 
Ti02 36.17 35.26 36.30 
R.E. 2.28t 4.51 -
AI201 2.17 1.02 3.14 
Fe201 
{2.29} 
1.34 2.70 
FeO 1.05 0.70 
MnO tr. 0.03 0.03 
MgO tr. 0.36 0.75 
CaO 27.62 25.72 27.20 
BaO n.d. 0.04 -
Na20 tr. 0.14 0.02 
K20 0.08 0.07 0.07 
F 0.12 - 0.00 
H20+ 0.16 0.64 0.83 
H20- 0.07 0.18 0.03 
100.47 99.74 100.22 
O=F 0.05 - -
100.42 99.74 100.22 
Numbers of ions on the basis of 20 (0, OH, F) 
Si 3.894 3.931 3.700"' 
>- 4.00 >- 4.00 4.00 
AI 0.33�. 0. 161 0.4&2 Fe+1 0.227 0.136 0.264 
Mg - 0.072 0.145 
Ti 3.590 3.555 3.550 
4.05 3.97 4.21 
Nb - - -
Ta - - -
v - - -
Fe+2 - 0.118 0.076. 
Zr - - -
Mn - 0.003 0.003 
Na - 0.036 0.005 
4.03 4.01tt 3.81 
R.E. 0.108 0.257 -
Ca 3.906 3.695 3.790 
K 0.013 0.012 0.011 
F 0.050 - -
0.19 0.57 >-0.72 
OH 0.141· 0.572 0.720 
• Indicates a new analysis. 
t The number of ions of rare earths were calculated using an ··average" molecular weight of 334. 
tt Includes Ba 0.002 (rare earths are Ce = 0.147, Y = 0.110). 
I. Sphene (dark brown, red-brown in thin chips) from the Underclitfe Falls porphyritic adamellite. 
Rock 9166. Analyst, H. Asari. 
2. Sphene (black, red in thin chips), pegmatite, Quoscescer, north-east of Harar, Abyssinia (Morgante, 
1943). Includes P205 = 0.06, rare earths Ce201 = 2.98, Y201 = 1.53. (Morgante, 1943). 
3. Grothite (brown), rodingite dyke, Pastoki, Hindubagh, Pakistan (Bilgrami & Howie, 1960). Analyst, 
R. A. Howie. 
PLUTONIC ROCKS FROM THE NEW ENGLAND BATHOLITH 
TABLE 6 
Comparison of certain oxides of theoretical rocks which could 
react with the metadolerite to produce the porphyritic 
adamellite and the actual oxides obtained by analysis 
The Ruby Creek 
Calculated Oxides Granite 
(9171) 
Si02 76.00 76.07 
Al203 15.70 13. 11 
FeO (Total) 0.05 1.03 
MgO - 0.12 
CaO 0.90 0.66 
Na20 3.80 3.49 
K20 5.65 4.58 
The Stanthorpe 
Calculated Oxides Adamellite 
(13132) 
Si02 73.50 73.60 
Al203 15.65 13.66 
FeO (Total) 0.75 2.43 
MgO 0.10 0.25 
CaO 1.65 1.14 
Na20 3.70 3. 72 
K20 5.25 4.82 
The Stanthorpe 
Calculated Oxides Adamellite 
(9167) 
Si02 69.00 68.98 
Al203 15.60 15.36 
FeO (Total) 2.65 2.92 
MgO 1.20 1.00 
CaO 2.85 2.68 
Na20 3.55 3.74 
K20 4.55 3.76 
Calculated Oxides The Marginal Type 
(9169) 
Si02 68.00 67.83 
Al203 15.60 16.81 
FeO {Total) 3.10 2.14 
MgO 1.45 0.68 
CaO 3. 15 2.24 
Na20 3.50 4.19 
K20 4.35 5.04 
205 
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TABLE 7 
Four calculated compositions of the porphyritic adamellite using straight line variation 
between four acidic rocks in the area and the metadolerite 
The actual analysis is included for comparison. 
From the From the From the From the 
Ruby Creek Stan thorpe Stan thorpe Marginal Actual 
Granite Adamellite Adamellite Type Analysis 
(13132) (9167) 
Si02 65.86 65.86 65.86 65.86 65.86 
Al203 13.95 14.17 15.46 16.68 15.54 
FeO (Total) 4.86 5.22 4.19 3.06 3.97 
MgO 2.44 2.10 1.77 1.25 1.98 
CaO 3.62 3.38 3.58 2.88 3.69 
Na20 3.22 3.43 3.60 4.05 3.42 
K20 3.41 3.79 3.41 4.78 4.14 
TABLE 8-
Some ionic distribution and oxide ratios of the biotites from the Undercliffe Falls 
porphyritic adamellite compared with biotites associated with hornblende and with 
pyroxene and/or olivine 
I 2 3 4 
Si 5.53 5.74 5.49 5.42 
Al4 2.47 2.19 2.ll 2.33 
Ti4 - 0.07 0.41 0.25 
Al6 0.15 0.09 - -
Total octahedral atoms 5.85 5.81 5.80 5.56 
Total Fe as FeO 
I. 75 0.62 1.29 2.47 
MgO 
Fe203 
-- 0.22 0.17 0.22 0.12 
FeO 
MnO 0.34 0.13 0.52 0.34 
Na20 
-- 0.06 0.09 0.06 0.04 
K20 
I. Biotite associated with hornblende (Nockolds, 1947, also Deer, Howie & Zussman, 1962b). 
2. Biotite associated with pyroxene and/or olivine (reference as for J).
3. Biotite from the normal porphyritic adamellite (9166).
4. Biotite from the white-phenocryst type (9170).
